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VoL. XXVIII SECTION - A Part IV 


ADSORPTION OF UREA BY SOILS, CLAY MINERALS 
and OXIDES OF IRON AND ALUMINIUM 

: ^ 

S. G. MISRA and GHITTARANJAN PRASAD 
Department of Chemistry^ University of Allahabad^ Allahabad^ 

[Received on 13th March, 1959] 

ABSTRACT 

Soils, the clary minerals bentonite, kaolinite and also oxides of iron and aluminium have been found 
to possess adsorptive capacities for urea from solutions. The percertage of urea adsorbed from the added 
amount is considerable at low concentration, when added to the above materials. No increase in the 
adsorption of urea or the liberation of calcium is observed as a result of application of excess of urea. 

Urea as a fertilizer is getting more and more attention these days. The high 
nitrogen content together with the facility with which this fertilizer is manufactured 
lend it a great support to be used as a nitrogeneous fertilizer. Though great losses 
from urine, when added to the compost heaps or to the soils, have been observed 
by various workers, little work seems to have been done to find out the adsorption 
and retention of urea by the soils or clay minerals. However, Cheldelin and Williams^ 
have reported the adsorption of urea by activated charcoal and have found that 
the Freundiich's equation is applicable. 

The present studies were carried out with a view to find out the amount of 
urea adsorbed by soils, clay minerals and oxides of iron and aluminium under 
laboratory conditions. 


EXPERIMENTAL 

The materials used for adsorption experiments were, two samples of soils, 
(S,, S 2 ), one of bentonite (Kashmir) and one of kaolin (E. Merck.) and also iron oxide 
arid kuminium oxide. They were finely powdered and then passed through a 
100 mesh seive. After oven-drying, they were stored in corked bottles and used 
for the adsorption experiments. 5 gras, of each material were taken and 100 ml, 
of different concentrations of urea solution varying from OTM to O'OIM were added. 
The contents were shaken in corked conical flasks for one hour and allowed to 
stand for 24 hours. The supernatant liquid was separated by filtering it through 
Buchner funnel using suction. First few ml. of the filtrates were _ rejected and then 
the filtrates were analysed for the urea contents. The original solutions were 
also analysed for their urea contents using the sodium hypobromite method.* 
The amount of N 2 evolved was measured and from it the amounts of urea were 
calculated. The differences in the concentrations of original and the equilibrium 
solutions were taken as the quantities of urea adsorbed. The adsorption was cal- 
culated per 100 gms, of the respective adsorbents. 

Calcium derivatives of soil, bentonite, and kaolinite were then prepared by 
treating the. materials with N.GaClj and then freeing the excess calcium chloride 
with distilled water. Then these materials were air-dried, powered, oven-dried 
and then finally used for adsorption studies as before. 

The amount of calcium given out with different concentrations of urea 
have been estimated in the filtrates and reported. The amounts of calcium given 
out by the materials by using distilled water alone have also been given. 

The soils were collected from Allahabad University grounds and analysed 
for their total carbon and calcium contents. They contained carbon and calcium 


as follows : 

Carbon 

Calcium 

Sample (S^) 

0-4% 

1-0% 

Sample (Sg) 

1-4% 

4-0% 


TABLE 1 (a) 



Adsorption of Urea by Bentonite and Soil (S,) 



Original Gone, 
of Urea (M) 

Equilibrium concentration of 
Urea (M) 

Urea adsorbed per 100 gms. 
of the materials, (gms.) 

Bentonite 

Soil Si 

Bentonite 

Soil (Si) 

1. 

0T162 

0-1113 

0-1162 

0-0586 

nil 

2. 

O-OGOO 

0*04149 

0-0600 

0-0222 

nil 

3. 

0045887 

0-04003 

0-045887 

0-0702 

nil 

4. 

0-02392 

0-01952 

0-023432 

0-0527 

0-0058 

5. 

0-01611 

0*011716 

0-015133 

0*0527 

0-0117 

6. 

0*011228 

0*008784 

0*009275 

0-0293 

0 0234 
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TABLE 1 (b) 


Adsorption of Urea by AI 2 OS 



Original Gone, of 
Urea (M) 

Equilibrium cone, 
of Urea (M) 

Urea adsorbed per 
iOO gms. of the 
material (gm.) 

1. 

0’1188 

0-11667 

0-0254 

2. 

0-06004 

0-057604 

0-0293 

3. 

0-045887 

0-044435 

00351 

4. 

0-023432 

0*021967 

0-0176 

5 . 

O-Ololl 

0-012692 

0-0410 

6. 

0-011228 

o-aa9275 

0-0234 



TABLE 1 (c) 



Adsorption of Urea by FegOg. 



Original cone, of 
Urea (M) 

Equilibrium cone, of 
Urea (M) 

Urea adsorbed per 

100 gms. of the 
material, (gms.) 

1. 

0-1188 

0-11716 

0-0216 

2. 

0-05614 

0-05467 

0-0176 

3. 

0-045887 

0-045399 

0-0058 

4. 

0-023920 

0-020508 

0-0410 

5. 

0-01611 

0-014157 

0-0234 

6. 

0-014645 

0-0112-28 

0-0176 



T.4.BLE 1 (d) 



Adsorption of Urea by Soil (S^) 



Original Gone, of 
Urea (M) 

Equilibrium cone, of 
Urea (M) 

Urea adsorbed per 

100 gms. of the 
material, (gms.) 

1 . 

0-108861 

0-105932 

0-0351 

2 . 

0*056140 

0*055163 

0-0117 

3 . 

0-04833 

0-04393 

0-0527 

4 , 

0*023432 

0-022944 

0-0038 

5 . 

0-014322 

0-012205 

0-0234 

6. 

0-010739 

0-00976 

O’Oin 
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TABLE I (e) 

Adsorption of Urea by Kaolinite 



Original cone, of 
Urea (M) 

Equilibrium cone, of 
Urea (M) 

Urea adsorbed per 

100 gms. of the 
material, (gms.) 

1. 

0-104956 

0-104956 

nil 

2. 

0-059723 

0-046342 

0-1535 

3. 

0-045887 

0-043930 

0-0234 ■ 

4. 

0*025384 

0-022944 

0-0293 

5. 

0-015133 

0*011716 

0-0410 

6. 

0-010739 

0-008299 

0-0293 


TABLE 2 


Adsorption of Urea by Ga-Bentonite, Ga-Kalinite and Ga-Soil (Si) 


Original cone. Equilibrium cone, of Urea (M) Urea adsorbed per 100 gm. of 

of Urea (M) , the material (gtn ,) 

Ca‘ Bentonite Ga- Kaolinite Ga*Soil (Sj) Ga-Bentonite Ga-Kaolinite Ga-Soil (S^) 


1, 

OT 11302 

0*10642 

0-109837 

. 0-109837 

0-0586 0-0116 

0*0175 

2. 

0*065414 

0*065414 

0-064926 

0-065414 

nU 0-0058 

nil 

3. 

0*057155 

0*05369 

0-056627 

0-05614 

0-0410 0-0058 

0*0117 

4, 

0035148 

0030754 

0-033195 

0034171 

0-0527 0 0234 

0*0117 

5. 

0*030266 

0*027825 

0-025384 

0 026847 

0-0293 0-0585 

0*0410 

6. 

0*028802 

0020503 

0-021967 

0-021479 

0-0099 0-0820 

0*0292 




TABLE 3 (a) 




Release of Ga-*-*- from Ga-bentonite, Ga-Kaolinite and Ca-Soil (Sj) 


Concentra- 
tion of 

VoL of solu- 
tion used 

m.e. of Ga 

per 100 gm. of the material 


Urea (M) 

(m.l.) 














Ga-Bentonite 

Ga-Kaolinite Ga-Soil (S^) 

1 . 

0-111302 

100 


57-0 

1.4 

23-2 

2. 

0-065414 

100 


56-6 

2-0 

28-2 

3. 

0-057115 

100 


56-4 

1-2 

28-4 

4. 

0-035148 

100 


56-8 

2-4 

28-2 

5. 

0-030266 

100 


57-6 

1-6 

28-6 

6. 

0-028802 

100 


56-8 

2-4 

28-4 ' 


Distilled 

water 

100 


56-8 

Traces. 

28-4 



r 158 ] 




TABLE 3 (b) 

Release of from Bentonite (original) 



Concentration of Urea (M) 

VoL of solution 
used (m.l.) 

m. e. Ca per 103 gm* of 
the material. 

1. 

0-104956 

100 

5 ’4 - .. 

2. 

0'059723 

iOO 

4*4 

3. 

0-045887 

10-0 

4’8 

4. 

0-0253S4 

100 

3-4 

5. 

0-015133 

100 

3-2 

6. 

0-010739 

100 

3-3 


Distilled 

100 

3-6 


water 




DISCUSSION 

From table 1 (a), it is clear that in the case of bentonite the adsorption of 
urea is practically equal for ail the concentrations of urea, but in soil, Si, at higher 
concentration, no adsorption of urea takes place. Soil, S.^ (Table i (d)), which 
is rich in organic matter and calcium content, also behaves like bentonite. Kaolinite 
shows a similar trend but at higher concentrations of urea, the adsorption becomes 
zero. The oxides of iron and aluminium behave like bentonite towards the adsorp- 
tion of urea at all concentrations. 

The adsorption of urea when expressed as percentage of the urea solution 
added is very interesting. From dilute solutions of urea, practically 50% of the 
added urea is adsorbed while at highest concentrations, the adsorption does not 
exceed 10%. 

The conversion of bentonite and soil, Si, to calcium bentonite or Ga-soil, does 
not appear to bring any remarkable change in the trend of urea-adsorption. The 
amounts of calcium given out (vide table 3) also do not reflect any increase in them. 
Practically equal amounts of calcium are liberated from calcium-bentonite and 
Ga-soil (Si), when they are treated with urea solutions of different concentrations 
or with water alone. Thus it is quite clear that more calcium does not pass into 
solution on the application of urea to soils rich in calcium. Indirectly, it shows 
that the conversion of urea to ammonium has not taken place during 24 hours. 

The above findings indicate that the soils may vary in their abilities to 
adsorb urea according to their chemical compositions. As the clay minerals like 
bentonite, kaolinite and the oxides of iron and aluminium have been found to 
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possess comparatively high capacities to adsorb urea, their proportions in the soil 
will greatly determine the capacities to adsorb urea. The organic matter of the 
soils may also play an important role in increasing the adsorptive capacities 
ofthe soils because more urea is adsorbed by the soil So than Sj (which contains 
less of carbon). 

The results also indicate that the leaching losses of unadsorbed urea from the 
soils of even wet regions can greatly be minimised by the application of urea in 
very small doses because more than 50 /„ of the added urea is adsorbed by the 
soils at very low concentrations of urea. 

Further experiments are in progress to find out the retention of urea by 
soils and clay minerals and on the transformations of the adsorbed urea. 


REFERENCES 
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DETECTION OF RADIOACTIVE FALL-OUT 

By 

LEKH VIR SUD end P. S. GILL 
Gulmary Rssemh Ohenctery, Gilmarg 
[ Received on Hib July 1959 ] 


ABSTRACT 

Methods of detection and estimaiion of radioactive fall-out and dating the nuclear explosion have been discussed. 

The study of the effects of radioactive fall-outs has interested the scientists all 
over the world ever since the first atomic bomb wus exploded. With the increase 
in number of explosions of atomic and thermonuclear weapons, more attention is 
being paid to the study of fall-out because of the growing concern over the establish- 
ed ill-effects of the radioaction contamination. For a correct assessment of the harm, 
that it can cause, it is very essential to measure the quantity of the fall-out brought 
down to the earth. Air and rainwaters have been chiefly subjected to such measure- 
ments in different part of the world. It was thought worthwhile to make measure- 
ments at this place, situated far away from the centres of explosions. In this note 
we will describe the methods which have been generally adopted in such measure- 
ments in addition to the observations carried out at Gulmarg. 


A, Radioactivity measurertients in Rainwater : 

The general practice is to collect a certain amount of atmospheric precipitation 
and gradually concentrate it by boiling. The concentrated sample is put aside for 
two to three days so that the natural radioactive substances, most of which are the 
daughter products of radon and thoron, may decay to negligible levels. 

For measuring beta activity of the concentrated sample, it is dried. Yamasaki 
and Kaneko (1955) have used infrared lamp for drying the sample in a stainless steel 
dish. The the measurements of ^-activity are made by means of an end- window 
G. M, Counter of known efficiency. 

Sait Akpinar (1957) has followed the method of making the sample by filtering 
the precipitation through cotton. The cotton is dried and then burnt. The residue, 
after being allowed to stay for two days, is subjected to measurements by means of a 
beta- counter shielded by means of 4 inches thick lead. 

Another method can be of Auto-radiographing the sample prepared in the 
above mentioned method. Then by comparison witb some standard source, rough 
estimation of the intensity of radioactive contents can be made. Chief advantage of 
this method will be that a permanent record is obtained. Of course, the dating of 
explosion cannot be done by it. 

A simple method of studying the gamma-activity in the rainwater was described 
by Sud and Gill (1958). A thin walled Geiger counter with aquadag cathode has 
been used. The counter is surrounded by a glass jacket, in which the sample to be 
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TABLE II 


' Year 

Date 

Disintegrations/mm./litrc, 

1959 

29tli April 

3250 

do. 

30th April 

1110 

do. 

6th May 

3050 


Comparing our results witli that of Terentiuk (1958) we see that the fall-out 
gets' scattered ail over the world and that too quite quickly, bC'Cause around ^the 
middle of JunCj 1956^ both his and our records show a sharp increase in contamina- 
tion, Further in July, 1956, the increases in radioactivity are rather small. 

Behounek (1958) has suggested another method for detection and assessment 
of surface radioactive contamination by means of recording the rate of discharged 
of a charged conductor, 

B. Radioactivity in Atmosphere : 

All the above mentioned type of measurements are dependent on the whims 
of nature while atmospheric air holds a better scope for keeping a regular and 
continuous record of radioactive contents and its day to day variation in the atmos- 
phere. The usual way is to suck air at a cemstant rate through a filter* A high 
volume air sampler is employed for this purpose. Suction may, preferably be done 
for 24 hours per filter. The filter, then is kept aside for two to three days. After 
that, the gross beta activity is measured from the filter by means of an end window 
Geiger counter. Terentiuk (1958) has reported the results of such measurements. 

C* Estimation of radioactivity t 

Knowing the background counting rate and that with the sample, it is possible 
to make an estimation of the total radioaetivc contents present per litre of rainr 
water or air. Sud & Gill (1958) have calculated the (disintegrations per minute per 
litre of rainwater by multiplying the number of counts, which are in excess over the 
background, by the efiSciency and geometric factors of the counter and the sample 
containing jacket. By multiplying the disintegrations per minute per litre by 
4’5X 10*^^ the amount of radioactivity in terms of curies per litre can be obtained. 
Terentiuk 0^58) has estimated the ra(iioactive contents of the atmosphere by finding 
the detection efficiency of the counter, the collection efficiency of the filter and 
combining the two efficiencies with the excess counts over the background, 

D. Dating the nuclear explosion : 

The decay curves of the radioactive fall-outs have been commonly used by 
various workers for dating the nuclear explosions. It is well known that the gross 
activity of the fall-out follows the law* 


h == h 


Where /0 is the initial intensity of the fall-out. It is dependent oii the initial 
liumber of fissions and is a constant. It is the gross activity t days after the explo- 
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tested is poured, thereby niaking it a 4lt counter. Diameter of the counter is 1 5 cm. 
and the inner diameter of the jacket is 2-5 cm. The counter is kept in the 
vertical position. The efficiency of the counter for gamma rays has been estimated 
to be 1 percent. 


Measurements were made during June & July in 1956, June to September in 
1957 andfrom January to June in 1958. Some of the rains showed the presence 
of radioactivity while others did not. Results for those rains which gave an increase 
in counting rate are given in table 1. The disintegrations per minute per litre 
was calculated by multiplying the number of counts, which are in excess over the 
back-ground, by the efficiency and the surface factors of the counter. 


TABLE 1 


Year 

• Date 

Disintegration s/min ./litre 

: 1956 

11th June 

3535 1 

do, 

2nd July 

1620 

do. 

3rd July 

1620 

1957 

9th & 10th June 

2532 

do. 

12 th June 

2000 

do. 

13th June 

3600 

do. 

17th June 

1333 

do. 

23rd June 

4000 

do. 

26th June 

3333 

do. 

13th July 

6466 

do. 

25th & 26th August 

1000 

do. 

5th September 

1293 

do. 

7th September 

1866 

^1958 

18th June 

1333 


' We are also measuring j8 -activity in atmospheric precipitation following the' 
method of Yamasaki et al (1955). The diameter of the /3-counter is 1*2 cni and that 
bf the dish, used to dry the sample is .1*5 cm. The efficiency of the counter has 
been estimated as 5% and the surface factor comes out to be 2*5. The results of some- 
measurernents are given is table II. 
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sion and n is a cofasknt. fiifferent vaiues of n, ranging from 6-9 to 1-5 have been 
reported. Yamasaki and Kaneko (1955) have given a rather lengthy but simple 
graphical method for determining both n and the date of explosion. The prmciple 
is that suppose the explosion occurs on date and the iMasurements on the sample 
are made on dates and Tj, giving activity A and h • ^“^n 


h = A 
h = h 

where - Tq and = 

From equation (1) and (2) we get, 

i 


Ti 




• •• 


To 


( 1 ) 

( 2 ) 


OrCA -A) = -1)(A “ ^o) - (3) 

where ^ has been put equal to k. 

Similarly if we find another date on which the intensity 2^ is such that 
Ij/A = k then we get 

(r3)-ra) DCTa - r„) (4) 

From equations (3) and (4), n and the only unknowns, can be evaluated. 

In order to do it graphically, the sample is measured from time to time and 
the activity is plotted as a function of date on a semilogrithmic scale. 

Let the intensities L and 4 on dates % and 1*2 be such that ^ = i, an arbitrarily 

h 


chosen constant. Let - li = C 

same process is repeated and C ^ > ......are found corresponding to date 


r n *7" ff , 
1 > *^2 » 


1 1 I rr 

such that ^ 

^2 ^2 


are equal to L 


Now iff’ 2.^’ L^’*******’*****’****^^^ plotted as a function of I*! , T/. ........ .t. 

a straight line is obtained. 

Its slope will be equal to - 1) and the intercept on the T axis will giv6 
Tq , the date of explosion, 

Sait Akpinar (1957) has proposed a quicker method for dating the explosion. 
He makes use of the fact that the beta absorption curves of the fall-out show a 
continuous change is energy distribution. A quantity n called ‘age index’ has been 
defined as a = log - log where 1^ and are the counting rates with A and 

B mg/cm^. He has used 10 and 30 mg/cm^ for A & B respectively. With 16 
samples collected at different times during 1954-56, a graph has been plotted 
between Age Index and ‘Age^ By ‘Age’ is meant the time elapsed between the day 
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of explosion and the day of measurement. With the help of this curve and the 
counting rates of any sample with 10 and 30 mg: cm^ absorber; it is possible to a^ssign 
a date to an unannounced explosion. , 

It is tacitly assumed in both the methods that the fall-out is due to only one 
explosion* However, it - makes a small difference when two explosions are far 
removed but the results may be erroneous if the rain has been preceded 
by two or more nearly spaced explosions. 

We are thankful to Mr. Ajit Singh, glass blower, for constructing tiie cuunters. 
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ON THE DERIVATIVE OF A SELF RECIPROCAL 
FUNCTION 

V.V.L.N.RAO . 

Department of Mathematics, Osmania University, Hyderabad-Deccan 
[ Recdved on 22nd April, 1959 ] 

] The object of this short note is to find out certain formulae for the 

Derivativeof a Self Reciprocal Function. We denote a function /(x) as Rn^ if it 

is Self Reciprocal for Hankel Transforms of order h, so that it is given by 

CO 

f(x) = J J^fi (xy) /(yJ Vxy.dy, (l-l) 

O 

where J (x) is a Bessel Function of order. For f* = 1/2 and - 1/2 f(x) is denoted 
by and respectively. 


2. Macrobert (1) has shown that 

d a, .F / a P ± „ “i-l /a:i+ 1, Oa, — «/> 1 \ 


( 2 . 1 ) 


Putting for a: and simplifying a little, wc obtain that 


dx 

so that 


/i (., ; r. ; ± i) - 2.. -'p^, (;■+'• ■±“4) 

\ 2, / M 1 i 2? ••• 9 ^ > 


A- 

dx 




V P / “x+1. « 2 , •••“*. ~X^\ 


Now let p=q> And further let 

_ «! + %+ 1 „ _«l_±E2±i 

s 2 * ^ 2 ^ 






and R=^i=Ei+l. P _ «i + v+l 

•? * O 7 sS 9 ’ If , 


[ m ] 



Then we obtain that 


/c 

dx i ■' ' 


‘(i 


<x^ -r 7% -f 1 ^1 


I cr, + 1 


«i “ % b i 




i±L±i* 

2 ' 2 


2a. ^ 


p 

^ ® \ “l - •:• ’ 

\ o 


h“h7/ij -r 1 


a|-f I77q«i*h i . -A’® 

2 ' 2™ 


-Dineshchandra (2) has shown that the funetion 


s « 


«1+?«1+1 «l-ffflQ.X+l 

2 ’ 2 

nil+l «x-mq_i+l 

2 ’ 2 


■i"'”q-i+l «i + v + l. 
2 ’ 2 ’ 


- 


is4:R^ according as mi+m 2 + •••♦•• +Jtiq,j is an even or odd integer, where %, m 2 , 
^Z 7 ^ 4 , ••• 2.11 positive integers. Hence from (2.2) and (2.3) we find that the 

function 


3/2 -ai 


<^i + i /rrT-LI a^+TTIq-i+l. 

^ I 2 * 2 

^ 1^1 — ?72i + l Ofl + V+ l. 


3^ 1 
2 I (2.4) 


j the derivative of ,V^ times the R function given in (2.3), 
3. Particular Cases of this function are interesting. Let 


mi = Wa == 


Then we obtain that 


^+i- .“i-J ,Fx ^) 


Now, putting = 7722 = ••• = ^q-i = 0 in (2.3) we find that 
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u while the fi2iicti0a 


i» Ry^^. Heace, from (3.2), 3.3) and (S.l) we find that 

^ ^« + i fly function | = jR^.^ function 

Is imiticalar^ putting a = 3/2 we then obtain that 
( R function j = i? function 

^ y / V'l 


d 

dx 


(3,3) 


(3.4) 


(3.5) 


4. Again, let «+ 1 = 

^ * 

SO that «=v - 1. 

Then the equation (2.2) may be written as 



yv-1, v+mj 

V 4 fflq.i 

L 1 

v-l v.3/2 ^ 1 2 ’ 

t* * V’””^ 

' 2 ; - 


2a /•'-I, v + m,, ■ 

' ••• V 9 

V“f-77li 


3/2 -y 9^9 1 2 

X ‘ 1 V mj v — 

2 


\ 2 ' 2 


Comi^ring (4,1) with (2.3) we find that 

.v-3/2 yv-1, ’' + ”'1 

V + mq.j , 


F f 2 , 

9 9 1 V - ffZj 

* 2 

•• V ; 


) 




) 


(4.1) 


is R. 


) 


T- (4.2) 


V. 


■While the function 


y - 3, 2 
* F 

? 91 


V + nj 


m o > S „ 

9-1 . \ 

r| ^ 2 > 



CM 


. (4.3) 


mmm t«« 




V - 1 ; 
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Hcqcc from (4J), (4^) aad (4,3) we ccmclade tlxat 

C « ^ fonctioB ^ K X ^ function. <4.4'* 

where a^=v - 1 and ^ is a certain constant. 

In paiticuiar, pultmg v == 3/2, we obtain that 

X function j- =: K ^ function. (4.5) 

It should be noted that the formula ( 3,4) is valid when and v are indepen- 

dent of each other, while (4.4) is valid only ii €t^ = v ^ 1. 

I thank Dr. Brij Mohan for his constant help and guidance in the sublet of 
my study. 
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‘HYPERSURFACES OF A KAEHLER MANtFOLD' 
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ABSTRACT t 

rnthisoacer it has been shown that (i) the necessary ‘ and sufficient condition that- a geodesic in a 
manLid should be a geodesic in its hjitersurface also is that it should both be a geodesic and an 
bne on the h>-per 5 urrace as in the case of a Riemannian manifold ; (ii) if two hypersurfaces of a 
KachSer manifold intersect along a curve and if the curve is a line of curvatt^ on both the hypersurfaces, 
iheftS hipersurfaces intersect at a constant angle along the curve. Some other properues of hypersurfaces 
of~s Kaeh’ler manifold have also been obtained. 


1. Introduction : 

[1] The metric of a Hermitian manifold is given by 
tfs« =22 

If the tensor g ^ also satisfies the condition 




02' 




( 1 . 1 ) 


( 1 . 2 ) 


[2] (which is known as Kaehler’s condition), then the complex manifold with 
metric (1*1) satisfying the condition (1*2) is called a Kaehler manifold. We shall 
denote such a manifold by (or 

The Christoffcl symbols of a Kaehler manifold are given by 



_ae 



... (1*3) 





cZ' 


The only non vanishing components of the Ricmann curvature tensor are 




and these arc given by 



it follows that the ooly noE-vaBishing component of the Ricmann tensor of the 
first kind is 

and that it is given by 


R 




^ An 

ai 


c 

M 


c € 

ay 




(1-5) 


Since the metric of a Kaebler manifold is given by 

dz’^ dz^ , 

'ds" can be interpreted as magnitude of displacement vector. Therefore the magni- 
tude V of a vector whose components are ( r ) is defined by V‘^ = v ^ 

If there are two seif adjoint vectors whose components arc { 

then the scalar rP is a complex quantity and wc write re =* 


a 8 


( 16 ) 


From the property of self adjointness it follows that 




Here ^6* is interpreted as the angle between the two vectors. 

Adding (I ’6) and (T7) we get 2 r Cos & = and mul- 


^5^ 


tiplying them we get r*=^ u® g_^ u“ 

It follows that 


Cos 


§ ,/i ^ i 5/3 


G jS & B 

2 v ^<.8 “ ’ J ^ 


(1-8) 


2. Hypersurfaces of a Kaehler Manifold : 

Let there be a Kaehler manifold of complex dimensions n and real dimensions 

2n with coordinates 

Let ^ be a complex analytic function of Z's then the equations 


(f) (^^5 Z^\ . . . , 


... (2*1) 
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represent a liypersurfacc of the manifold, for the variety fepreseated by (2*i) wili 
be of complex dimensions (n - I) and real dimensions 2 {n ^ 1). 

[S] It has already been shown that a hypcrsurface of Kaehler manifold is also 

a Kaehler manifold. 

The normal to the hypersurface at the point Z^) has components 
/ ^ d(j) \ 


for by differentiating (2.1) totally we get 

== 0 , 




cZ 


di> 


dt^ = 0 


0^^ ' ) being components of a vector tangential to the hypersurfaee. 


Let now there be a manifold of complex dimensions (tz + I) and real dimensions 
2(^2 4- 1) and a hypersurfaee V^o of complex dimensions n and real dimensions 
2/2 immersed in that Kaehler manifold. 


Also let 
manifold VVi 



be the complex coordinates of any point in the Kaehler 
Z^^ the complex coordinates of that point in the hyprr- 


surface. 

In what follows Greek indices will take the values / * ’ \ and Latin 

^ f. 2, / 

indices will take the values ( j’ f ’ ” ) 


Here are complex analytic functions of 

fundamental tensor for and |[.t be the fundamental 

tensor of Then the metrics of V®n-?-i nnd 3 .re respectively 

d,^ di^ 

ds^ = 2 ^.. *3 
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Since the infimtesimal distance between two points which lie both in aisd 
V%i.i is invariant, we have 

Since i\ are complex analytic functions of z^s 

• A 


^ a 

and thus dz = dz^ 


Similar Iv di^ = ?2l_ dz^ 


g.T dz^ dz^ — a 5 -£V- 

de cti 

= "ofi ^ 

^ ^ icS' 8^3 


(2.2) 


Let I and | |- be the Ghristoffel symbols of the second kind formed with 

respect to and respectively, satisfying Kaehler conditions. 

l.j} ^ 


— a aE 13 

r/ ^ ^ i 


For a fixed a, are invariant functions of Z*s 



where a comma followed by an index denotes the covariant derivative w. r. t. 
the co-ordinate having that index and a semicolon followed by an index denotes the 
tensor derivative with respect to the co-ordinate having that index. 

i.e., = + { ji}"' 

Ot 0» J. n7 rP- 0=. _ 


Let ( N “ , N® ) be the componets of unit normal vector to the hypersurface 
then N® ^ - (2.3) 

and since ^ regarded as a vector in V®a+i is tangential to the hypersurface 

9 i 

••• “ej N“iS,J=0. «.jNS{“,,=0 1 

f > ... ( 2 . 4 ) 

Also a g N“ N , 3 = 0 1 

Since are complex analytic functions of 

we have = 0 , 4^. r- = 0 

Taking the tensor derivatire of (2.2) 

we get a g = 0 

«P 9 z k > J 

i. c. ( 4® ; 1 k, 0 ) regarded as a vector in V“n« is orthogonal to ( 0, ) 

( regarded as a vector in V’a+i ) which is tangential to the hypersurface, or 
( i, 0 ) regarded as a vector in V°d+i is normal to the hypensurface. 

We can write jj = n- N® ,o 

ij ... (.x.oj 


Siinilarly 

It tollows that Qij =0 
Oli »= 0 


= O.-. 
’ 1] ij 
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3. CWvatiiife of a e«rve m a kypersmrface. 

We kji3w that if ( } are compenents of a seif adjoint vector in 

and ( ii» , ai } are components of the same vector in then 


t-Q. .a 

^ , i 


a = , 1 

L. s » 1 ^ 


Taking the tensor derivative of each side of the first equation, we get 


r a €L I , -a I 

h- ; li nr ^ u\ I 

> i 


Multiplying by -jr substituting from (2*5) we obtain 


a ^ = ; Oil u‘ n“ + I h‘ 

^ ds as ’ 


and a similar expression for ; j 

d^i 

If the vector U^} is tangent to the curve, then «= and we get 



dZ^ 

ds 

dzJ ■' 
ds ' 

> X* + 5 “ 

1} 

d^ 

ds 

4.) 

ds J 

+ .=!i 


^ -^T 

where {q^ } arc the components of the first curvature vector of the curve in 

and ( , pi / are its components . 

^ dZ^ dZ^ 

L"' -IT 

di^ dz^ — 

"a TT TT = >"■ 

We shall define | Ka 1 (modulus of Kn) as the normal curvature of the curve. 
1 Kn 1 is the magnitude of the vector whose components are (Kn KaN^j. for 

(N^, is a unit vector. The vector (Kn N^, Ka N^)is the normal curvature vector, 

Since (Kn, Kn) depends upon the direction of the curve at that point, 

we can also call j Ka 1 as normal curvature of the complex hypersurface V% 
the- point for the direction of the curve. 
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4, Conjugate and Asymptotic directions in the Eypersarface of tke Kaeiiler 
manifold : 

^Fwo directions given by unit vectors whose components are ( /, ) and 

( p , ) arc defined to be conjugate with respect to the hypersurface. 


if 


^ 3=0 

3 ] 


A direction which is seif conjugate is said to be asymptotic* 

If the direction given by ( asymptotic, then we must have 

Q .j 2i^ = 0 

=:Q 

Ij 

An asymptotic line is a curve on the hypersurface, the direction of which at 
every point is asymptotic. 

The differential equations of the asymptotic lines are 

= 0 ... ^4.1^ 

If we take the square of the magnitude of the vector (/> ) given by ( 3 . 1 ) 

we obtain 

iKa|* + Kg'^ ... ^4 2j 

where Ka is the curvature of the curve in 
and Kg is the curvature of the curve in V®*,. 

Kg is also known as geodesic curvature of the curve. 

the gedesics on the 

zero, ^are“ Si '-^0 and £^-*0^ “^c^sary and sufficiem conditions that Ka is 

5. Derived vector of onit normal to a hypersurface : 

Taking tensor derivative of (2.3) we obtain 
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(5*1> 



This shows that ( N^; N^; i ) regarded as a vector in is orthogonal to 

the normal vector ( N® , ), 

The components ( N ; i X ; i ) are expressible as 


x'O hk .a 

^ k 

> i » 


N“;t=A . , 


k 

I 


{3-2) 


Taking the tensor derivative of the second equation of (2'4) we obtain 

^ ^ n “ = 0 

j ij i 5 I 

Substituting from (2*5) and (5*2)^ we get 


■•■ "ij 




Multiplying both sides by and summing on t 
we get O.j 

Similary we shall obtain 


We get 


- - "ij 'f I 


and similarly N. - = - Or? v, , 

j 1 ij k 

and since Oij = 0 , 0 and 5 “- =0 

> k 


N"* , = 0 
; 1 


Similarly ^ = 0 

9 i 

Hence we get the result that the vectors whose components are { r , K’f t ^ 

\ j 1 j 3 / 

form a null vector field in V®n+i , for if m is the magnitude of such a vector. 

then m>~ 2a . N® =0 

-u ; 3 
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Bv a similar argiiment we can show that vectors whose component aie 
( ^ form a null vector field in 

It should be noticed that the vectors whose component i s ^ 

( s N^- 1 are different vectors in V’^n-M* 

\ ; 1 I 1/ 


Now derived vectors of unit normal in the direction of unit vector 
liavt components | 


u , 


where 

11 

1 

Oj- 

: a 

k 

and 

In. • = - 

* 1 

Ojj 

-.a 

^;k 

. 

_ 




l£(a‘ , a}- ) are components of any other unit vector tangential to the hypersur- 


face, then its components in V are f- a ^ and the resolved part of 

nfl s 1 ^ 1 / 

the derived vector of unit normal in the direction of this vector 
is given by — ^ ^ ^ and its conjugate 

or — n.r J 

or — OvT a) 
i3 

If this expression vanishes then the directions of vectors u and a are conjugate. 

Hence conjugate directions in the hypersurfacs of a Kaehler manifold are 
such that the derived vector of unit normal in either direction is orthogonal to the 
other direction. 

In a particular case, in which direction is self conjugate we may state that the 
derived vector of unit normal along a curve is orthogonal to the ourve, if the curve 
is an asymptotic line in the hypersurfacc, as in the case of Riemannian manifolds. 

If the direction of derived vector of ( , N^) in the direction of vector 


and its conjugate, 
and its conjugate. 


{ ^ ) is identical with that of ( U ^ , 13^ ), 


then 


«’ 0-- 4* .= W 

U ’ K 




where w is scalar function. 
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Jilultipiying first of these equations fcy we get 


ih 


lih 


or 




ih 


jh 


Siniilarly Or|^ - = 0 

These equations show that vector aba principal direction of the hypersut- 

face. 

Hence the derived vector of unit normal with respect to will be tan- 

gential to the curve, if the curve is a line of curvature of the hypersurfacc. 

6. Generalised Equations of Gauss & Godazil for KaeMer Manifold. 

By applying Ricci’s identities to - (regarded as covariant vector in V®n) we 

9 ^ 

have R- 

^Uk \ikj ^ 

and since 


ihJk 


Nrk = 


£PhR._._ 
J't . P ^ >liJk 


■_a 

ijk 


iP i'l 


ij “ ij 


...' 6 . 1 ) 

...( 6 . 2 ) 


Also we have 

..■N“ s t-' = ^ - + 

!j ; ij y 

Taking the tensor derivative of (6.2) and substituting from (6.1) we get 

0-- 4- o . Tt 4- ■‘-S 

y;k ^ ^ij^ik Np ^ ^ihjk^ ^jSvs ■^,i Sk 
Where R ^yg is Riemamn tensor of the second kind formed with respect to 


• ay 


Substituting for Nf - from (5*S), we get 

» K 


("iW-k - '’ij"hk) s"’' k^“ - '^r/S s!l (6-3) 


Multiplying (6.3) by ^ we shall get 

5 1 

^iljk ^.j ^- k 

which is Gauss’s equation for a Kaehler manifold. 
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(6.4) 



Multiplying (6.3) by we gel 


”y;k “ Sk 

..•(6.5) 

Similarly we obtain l). |.\n" 

...(6.6) 


(6.5), (6.6) are Godazzi's equations for tbe Kaehler manifold. 


7. Now we shall prove an important property of a Kachler manifold, viZi 

If two hypersurfaces intersect along a curve and if the curve is a line of curva- 
ture on both the hypersurfaces^ then the hypersurfaces are inclined at a constant 
angle along the curve. 

Proof Let (M^ , )& ) represent unit normals to the cwo 

hypersurfac^. If is the angle between the normals at any point of the curve 
of intersection 

then Cos 5 = a g M.'* 

<3JS Ctp 

The intrinsic derivative of Cos 6 in the direction of the curve is 

. . ( M“, ^ N® + M“ nS. M ) 

aff ,1 as da ' 

+ ( Mf , li. \ 

^ ■>} ds / 

But the curve is a hne of curvature in both the hypersurfaces, 

the derived vectors of unit normals of both hypersurfaces are tangential to 
the curve. 


Mf, ^ 

ds ds 7r = 


,v ds = ^ « p-^ 


and N?- ^ 

’•> ds ds. ’ ^ ds -^^,h ds 

Substituting these values in (7.1) we obtain 




A 

aP h 




1 u 


ap N“ ±=0 
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therefore the e*pce»»iaa in. (7.1) van«hes i, e.. th^ deri^^tive of Cos & 

alo3g tiie aiF¥C is zero or # is COTSlant along the cutYe, 

the iypcasaifiMjes intersect at a ooastant aa^e along the carve. 
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ABSTRACT 

The dqmts obtained in the systems of sodiatn moly bdate with hydrochloric-, nitric-, and sulphuric 
at higte: acid ccMxentrations, on ageing, were sq>^ted into water-soluble^ and water-insoluble portions 
and ttee ware analysed for water of cr>’stalImtioo, content of molybdinutn trioxide, and content of Na^O. 
The analyds had ^own thit the deposits in all the cases were chiefly mixtu. es of sodiuin tetrainolybdate and 
the iimluble molybdic acid. Tl^ probable mechanism of the formation of these deposits in different systems 
is d«u 3 sed. 

Various polymolybdates of different compositions are known to be formed by 
evaporating a solution of sodium molybdate at different pH values, from a highly 
alkaline to an acidic range. The present authors, while studying the effect of ageing 
on the system of sodium molybdate with mineral acids, observed the formation of 
certain products in highly acid solutions^*®. Mostly, they were mixtures of crystal* 
line and amorphous products. These were analysed and probable molecular com’* 
positions and formulae are given^ 

EXPERIMENTAL METHODS 

The products obtained at different molybdate/acid ratics in the strongly acid 
solutions of each system with a mineral acid, were separated into water soluble and 
water insoluble portions in the following way. About 0*5 gm of the product was 
treated with 50 c.c, of distilled water and heated on a water-bath with constant stirring. 
The solution was allowed to settle and filtered through a weighed gooch crucible. 
The insoluble portion was left in the crucible. The crucible was dried and weighed 
again with the insoluble part. The difference in weight of the crucible with and 
without the insoluble portion gave the weight of the insoluble product. The 
difference in weight of the original product taken and the weight of the insoluble 
portion gave the weight of the water soluble portion. The original product water 
soluble and insoluble portions were analysed for the following ; — ’ 

(i) Water of crystallization in the original product and insoluble portion ; 

(fi) Percentage of M 0 O 3 in water soluble and insoluble products ; and 
(m) Percentage of sodium if any in the soluble and insoluble portions. 

(i) Waier of arptdliZation : — The substance of a known weight was heated at a 
cm perature betvreen ISO^G to 200^0 and the loss of weight if any on heating 
determines the amount of water of crystallization. However, in the insoluble part 
no l<Bs of weight was observed on heating and hence no water of crystallization i§ 
pr^oat. " / . 
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(li) (a). EsiimMimn qf^ MgO^ and sodium in ifn water soluble portion : — The solution 
containing the water soluble part was acidified with acetic acid and lead acets^e 
was added slowly to the hot solution till the precipitation- of lead molybdate 
(PbMo 04 ) was complete. The solution was allowc^l' to settle and filtered through ‘a 
gooch crucible. The precipitate was washed -with !% solution of ammonium acetate 
and finally transferred to the gooch, dried and weighed as FbMo04, The amount 
of , MoOg was obtained by multiplying the amount of PbMo04 with the Jaclor 
^I•392I3. The filtrate w’as concentrated and lead was removed as lead sulphate 
by precipitating out with dilute H2SO4. The filtrate after the removal of molybde- 
num and lead was concentrated to a very small volume and sodium” was estimated as 
sodium-uranyl-zlnc-acetate®. The method consists of adding to a concentrated 
solution of a sodium salt, the reagent zinc uranyl acetate, when a coarse 
crystalline precipitate of sodium uranyl zinc acetate-(NaC2H302.Zn (C2H302)2.3U02 
(0211302)2. 6HgO-is formed. The solution was allowed to stand overnight and 
filtered through a sintered crucible. The triple acetate precipitate was washed 
first with a very dilute solution of the reagent, then with alcohol, and finally with 
acetone. The precipitate was dried at room temperature and weighed. The 
amount of sodium was obtained by multiplying the amount of sodium zinc-unanyl 
acetate with the factor 0‘0H95. 

(ti) {b). Estimation of MoO^ and sodium in the water insoluble portion : — The insolu- 
ble portion was treated with ammonium hydroxide when it dissolved. Then the 
'same procedure was adopted for the ^timation of MoOg and sedium as in the case 
of the water soluble part. 

The results of analyses of the products obtained at molybdate/acid ratios 1;2*5 
to 1:5 of the system Ma^MoOt — HGi on ageing are given in the following tables:— 


TABLE I 

Analysis for water content 


Ratio of 
Na2Mo04 to 
HCl 

Wt, of product 
taken (gm.) 

Weight after 
heating 

(gm-) 

loss of wt. due 
to dehydration 

(gm.) 

%of 

hydration 

1:2-5 

0-2135 

0-1875 

0-0260 

12-30 

1:3 

0-2250 

0- 1972 

0-0278 

12-34 

1:3-5 

0-2648 

0-2320 

0-0328 

12-37 

1:4 

0-2340 

0-2051 

0-0299 

12-35 

1:5 

0-2210 

0-1938 

0-0272 

12-31 




I 183 ] 



TABLE 2 


Analysis for % of water soluble and insoluble portions 


M^th 

Wt rf fWWilMl 
tatea fem.) 

wt, c£ water 
iiBc^ubte (gm.) 

wt. water 
soluble (gm.) 

% water 
iiBoluble 

% of water 

'Midble 

1 

2-5 

0*^27 

0'!790 

03837 

31-80 

68-20 

1 

3 

0*5426 

0*1926 

0*3500 

35*S3 

64*50 

i 


mm 


0*3437 

37*80 

62*20 

1 

4 

mm 

0*2314 

0*3251 

41*58 

58*42 

1 

4’5 

0-5610 

0*2504 

0*3106 

44*65 

55*35 

1 

5 

0*5412 

0*2613 

0*2799 

4758 

52*42 




TABLE 

3 





Analysis of water soluble part 



Racb 

wt. of product 
Id sole, (gm.) 

Amount of 

MoOs (gm.) 

% ofMoOs 

Amount of 
Na02 (gm.) 

% ol NajO 

1 ; 2*5 

0-3i37 

0*3033 

79*05 

0-0326 

8*49 

i : 3 

0*3500 

0*2757 

78*78 

0*0296 

8*45 

1 : 3*5 

0*3437 

0*2725 

79*25 

0-0292 

8*50 

1 : 4 

0-3251 

0*2557 

78*89 

0*0277 

8*52 

1 : 4-5 

0*3106 

0*2462 

79*30 

0*0264 

8*48 

i : 5 

0*2799 

0-2221 

79*29 

0-0233 

8*50 



table 4 




Analysis of water insoluble part 



Ratro 

wt. (^product 

Amount 

M0O3 (gm.) 

% ofMoOs 



1 : 2*5 

0*1790 

0-1588 

88*70 



1 : S 

0*1926 

0-1707 

88*65 



1 : S*5 

ortm 

0*1865 

88-90 



1 : 4 

0-2314 

0*2051 

88*75 



I : 4*5 

0*2504 

0-2 U9 

88*65 



1 : S 

0-2613 

C*2321 

88*85 




s,. 


- 
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Results of the analysis of the product c^tained at molybdate/acid ratios 1 : 3 
to 1 : 5 of the system Nag MoOi— HNOj on agening 


TABLE 5 

Analysis for water content 


Ratb 

wt. of the wt. after heating loss of wt. due to 

product (gm.) to 2CK3»G (gm.) hydration (gm.) 

% of faytetion 

1 : 5 

0-2657 

0*2330 

0*0327 

12*28 

! : S'5 

0-2426 

0*2127 

0*0299 

12-30 

1 : 4 

0-2354 

0*2061 

0-0293 

12*27 

1 : 4-5 

0*2567 

0*2251 

0-(Bl6 

12-!^ 

1 : 5 

0-2436 

0-2748 

0*02^ 

12*32 



TABLE 6 




Analysis for % of water soluble and insoluble portions... ... , 


Ratk> 

wt, of the 
product (gm.) 

amount of water Amount of water 
insoluble (gm.) sduble (gm.) 

% water 
HBofeibte 

% o f waia: 
^luble 

1 : 3 

0*5250 

0-1444 0-3806 

26-50 

70*50 

1 : 3-5 

0'52I3 

0-1815 0-3398 

34*m> 

65 ^ 

1 : 4 

0'5562 

0-2024 0-3538 

36*55 

53*45 

1 : 4*5 

0-5524 

0-2103 0-3326 

38^75 

51*25 

1 ; 5 

0*5325 

#2224 0*3102 

41*74 

58*26 



TABLE 7 





Analysis of water soluble part 



Ratio 

Amount in 
soln (gm.) 


AnKHint of 
NaigO (gm.) 

%ofNasO 

1 : 3 

0-3806 

0-3007 79KJ1 

0*0^3 

8*48 

1 : 3*5 

0*3398 

0-2681 78-85 

077289 

.. 

1 : 4 

0*3538 

0-2793 78-92 

OOKll 

8*51 

1 : 4*5 

0*3326 

0-2634 79-20 

0-0282 

B-47 

1 : 5 

0*3102 

0-2451 78-00 

0-0^ 

8*4# 
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TABLE 8 

Analysis of water insoluble part 


Ratio 

wt. of llie prcxJiict (gm.) wl. of MoO^ (gm.) 

% of M 0 O 3 

1 : 3 


0-1444 0-1211 


88*76 

I : 3-5 


0-1815 0-1610 


88*82 

1 : 4 


0-2024 0*1798 


88*92 

I : 4-5 


0-2103 0 1854 


88*65 

! : 5 


0’2240 0*1952 


88*80 

The raults of the analysis of the products obtained at ratios 1 : 4 to 1 : 5 of the 

system Na 3 -Mo 04 — H^SO^ 

are given below : - 





TABLE 9 





Analysis for water content 



Ratb 

wt. of the wt, after heating loss of weight 

product (gm.) (gm.) (gm.) 

% of hydration 

I : 4 

0-2459 

0’2156 

0-0303 

12*30 

1 : 4-5 

0-2785 

0-2511 

0*0274 

12*32 

1 : 5 

0-2653 

0*2393 

C*0260 

12 35 , 



TABLE 10 




Analysis for % of water soluble & insoluble parts 


Ratio 

wt of the 

amount of water amount of water 

% of water 

% of water 

product (gm.) 

itroluble (gra.) soluble (gm ) 

insoluble 

soluble 

1 : 4 

0-5785 

0*1780 0-4005 

30*75 

69*25 

1 : 4*5 

0*5622 

0*1884 0*3741 

33*50 

66*25 

1 ; 5 

0-5822 

0*2244 0*3578 

38*55 

61-45 



TABLE 11 





Analysis of water soluble part 



Amount in 

Content of % of M 0 O 3 

Content of 

% ofNajO 

Rado 

solution 

MoOg (gm.) (gm ) 

NajO fem.) 


(gm.) 



1 ! 4 

0-4(M)5 

0-3174 79-25 

0-0341 


1:4-5 

0-3741 

0-2962 79-18 


8-45 

1 : 5 

0-3578 

0*2828 79-20 


8-48 
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TABLE 12 

Aaalfsis of water insoluble part. 


Ratio 

W't of product (gm.) 

G jateat of (gm.) 

% of }\fo03 

i : 4 

0-1780 

0 1536 

89- 10 

I :4*5 

O-iSOi 

0-1683 

90-39 

1 : 5 

0-2244 

0-2033 

89-25 


DISCUSSION 

The results of analysis of the products obtained on ageing tbe systems of 
molybdate with mineral acids show that (i) the percentage of water of crystallization 
of all the products in all the systems is nearly the same ; (ii) the water insoluble 
portion of the products increases with the increase in ratio of molybate to acid ; 
{lii) the percentage of M 0 O 3 and sodium content of the watersolnble part and the 
percentage of M 0 O 3 of the insoluble portion are also the same in all the products 
obtained from different systems. In the table below against each item of 
anaylysis and under each system^ only the mean values of the results of analysis 
of the products obtained at various molybdate/acid ratios are given. The high 
values of M 0 O 3 content in the case of the system Na 2 Mo 04 « H^SO^ are due to 
the adhered ions to the products which also form insoltible PbS 04 precipi- 

tate along with PbMo 04 when molybdenum is precipitated with lead acetate Ms lead 
molybdate. 


TABLE 13 


No. 

Item of analysis 

Systems in which the products are 
obtained on ageing 




NagMoO, 
and HGl 

Na^\Io 04 
and HNO 3 

NasMo 04 
and H 2 SO 4 

mean 

values 

1 . 

Water of crystallization 
in the original product. 

Yo 

. 12-33 

% 

12-29 

% 

12-32 

12-32 

2 . 

Water of crystallization 
in insoluble portion 

nil 

nil 

nil 

nil 

3. 

Content of M 0 O 3 in the 
water soluble portion 

79‘0 

78-98 

79-21 

79-OS 

4. 

Content of NaoO in the 
water soluble portion 

88*75 

88-71 

89-75 

89-07 

5. 

Content of Na 20 in the 
water soluble portion 

8*43 

8-49 

8-48 

8-48 

6 * 

Content of Na 20 in the 
insoluble .portion. 

nil 

nil 

nil 

nil 
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Frcm the alxjve table it is evident that the water of crystallization found 
in the original praiuct is due to the water soluble portion only, as the insoluble 
portion dc« ncjft contain any. The water soluble portion also contains sodium 
whereas it is absent in the case of the insoluble portion. Therefore, is clear that the 
soluble part is a scxiium molybdate, possibly a polymolybdate whereas the insoluble 
portion is a simple or polymolybdic acid. It is found that the observed composition 
of the water soluble portion very nearly agrees with sodium tetramolybdate with 
five moieculi^ of water of crystallization, (Na2Mo40j3. SHgO). The observed mean 
and odculated compositions for the tetramolybdate-pentahydrate are given below:— 


obs erved calcualted 

mean values values 

L Water of crystallization 

2. Content of MoO® 

3. Content of Na^O 


12*365^ 12-3 

79-12% 79*062% 

8-51% 8 48% 


Ullik^ prepared sodium tetramolybdate and formulated the product with 5| 
molecules of water of crystalIiiation-N32Mo040i3.5|H20. A. Rosenheim and j. 
Felix® obtained a crystalline hexahydrate which they represented as Naa M04 O23 
6H2O. But the product analysed in the present work shows to have only 5 molecules 
of the water of crystallization. The variable quantity of water shows the insta« 
bility of the salt when dried, losing its hydration. 

In some samples, the water soluble portion made up to the volumes so as to 
give the cencentration N/256 with respect to the amount of Naa Mo^Oja present in 
solution. It was not possible to prepare solutions of higher concentrations like N/32, 
N/64 or N/128 as the water soluble portions do not contain the required amount of 
the salt. Moreover, the amounts of products obtained on ageing were only limited. 
The specific conductivity of N/256, N5 12 and N/1 024 solution was measured at 25<> 
from which the equivalent conductivity was calculated. These results show below 
are nearly in agreement with the equivalent conductivity of the sodium tetramolyb- 
date as measured by Rosenheim and Felix® various dilution. 



Equivalent conductivity 

Dilution in litres 

Observed by Rosenheim 
& Felix 

Observed by the 
authors 

256 

130-4 

138*25 

512 

145*0 

145*95 

1024 

162*8 

173*55 


results might be due to the very 
y s^l^ble ag^ molybdic acid passing into the portion of water soluble of the 
ongmai products during the separation of the insoluble. 

uortiAnriKnlf solutions containing water soluble 

portions show that the tetramolybdate separated on ageing is only a ^rmal salt^ but 


1 188 J 



not tile iifdrc^cn «It in wMcli case the condnctivily results should have been 
comparatively higher. 

The mean values of the faults given in Table 13 show that the insoluble 
portions of different prixlucis analysed do not contain sodium or water of crystaiii- 
zatiem. The mean MoOg content i.e. 89*07% corresponds to that of the simple 
molybdic acid, tlie calculated value of which comes to 88*89. Therefore, the 
iwdbiMe portion is only molybdic acid H^MoO^. Now it can be calculated on the 

of the analysis that all the products obtained in different systems on ageing are 
only mixtures of sexlium tetramolybdate and molybdic acid. The probable mecha- 
nism of the formation of precipitations in the different systems is discussed below 

(1) Ma^MoO^^HCl : — It was shown earlier^ that in the case of this system the 
aggregation goes on till the ratio 1:2 resulting in the formation of a tetramolybdate 
which is decomposed to form acid tetramolybdate at various ratios higher than 1:2. 
The insoluble products are obtained only after the ratio 1:2 and therefore it is the 
acid tetramolybdate which undergoes changes on ageing with the precipitation of 
sodium tetramolybdate and molybdic acid. The change may be explained by the 
following reaction : — 

2NaHMo40i3 Na2Mo40,3+ 

H^MoPis -f SHgO 4H2M0O4. 

(2) Na^MoO^ - HNO^ : — In this case aggregation goes on till the ratio 1:3 
when the hexamoiybdate is formed, which undergoes decomposition at higher ratios 
with the formation of an acid hexamoiybdate^. The precipitates were formed in 
this system after the ratio 1:3. Thereafter the acid hexaniolybdate undergoes 
hydrolysis on ageing with the liberation of tetramolybdate and molybdic add. The 
reactions explaining the probable changes may be stated as : — 

2 NaHMoeOjg + H 20 -^Na 2 Mo 40 is + 2 H^Mo 40 i 3 

(3) Na^MoO^ : — ^In this system the aggregation takes place between 1:2 

and 1:4 ratios, which results in the formation of a tetramolybdate*. The precipi- 
tates are obtained in this system from the ratio 1:4 only. No evidence was obtained 
here for the formation of an acid tetramolybdate. As the products obtained on 
ageing were shown to be tetramolybdate and molybdic acid on analysis. The 
formation of molybdic acid is due to the action on the tetramolybdate of the 
sulphuric add which is present in excess in the system. The hydrolysis of the 
tetramolybdate leading to the liberation of insoluble molybdic acid on ageing, may 
be explained by the following reactions : — 

Na2Mo40is + H3SO4->H2M04Oi3 4- NaaS04 
H3M04O13 + 3HaO->4H2Mo04. 

The authors express their grateftil thanks to Prof. A, K. Bhattacharya for his 
kind interest in the present work. 
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CiffiMICAL EXAMINATION OF MATTHIOLA INCAMA 
(RED VARIETY) 

PART ir— STUDY ON OIL 


By ■ 

B. a JOSHI and D. S. BHAKUNI 
Chemical Laboratories, University of Allahabad, Allahabad 
[ Received on 22nd Aprd, i959 ] 

Matlhwla incana (red variety) also known as Lipedium ibetis (Hindi and 
Punjabi-La! Towdri) belonging to N. O, Crudferae is cultivated in Indian gardens, 
indigenous in Mediterranean regions and Western Europe. It also extends from 
Southern Europe to Siberia. It is a well-known medicinal plant and is used by 
Ayurvedic physicians as aphrodisiac and in purifying blood. The medicinal pro- 
perties of the seeds resemble closely to those of white and yellow varieties. 

Matthiola incana (seeds red Variety) has been subjected to a systematic chemical 
examination. The seed was tested for the organic and inorganic substances. 
On complete incineration, the powdered seeds gave 9*2% ash of which 45*2% was 
water-soluble and 53*8% was acid-soluble. The ash on analysis was found to contain 
srdium, potassium, iron, calcium and magnesium as basic radicals and chloride, 
sulphate, carbonate and silicate as acid radicals. 

Preliminary chemical examination of the seeds showed the presence of an 
oil, mucilage^ and a mixture of colouring matters. The alkaloids, glucosides, sapo- 
nins, free reducing sugars, tannins and free organic acids were found to be absent. 

The complete chemical study of the oil revealed^ that erucic (4T42%), oleic 
(20*81%) and linoleic acids (26'24’4 were present as major components, the charac- ‘ 
teristic feature of the oils obtained from crucifereous seeds while palmitic (4*74%) 
stearic (T61%) and iinolenic acids (5* 18%) were present as minor components in the 
mixed acid fraction. The unsaponifiable matter consists of phytosterols and sitos- 
terol. 


GBEMIGAL EXAMIiNTATION OF THE OIL 

Five thousand grams of the powdered seeds were exhaustively extracted with 
petroleum ether (b. p. 40 - 60^0). The petroleum ether was filtered hot and 
the filtrate was kept overnight* .No solid substance settled down on keeping. 
From the petroleum-ether extract the crude oil was obtained and purified (yield 
S*2%). The crude oil was purified by animal charcoal and Fuller’s earth. 

The pure oil has the following physical and chemical constants 

Sp. Gr. (30°C), 0-9149; Ref. Index (30°G), 1-4332; Acid Value, 19-2, Sap. 
value, 186’c; Iodine Value, 110-2 and unsaponifiable matter, 0-92%. 

Two hundred and ten grams of the pure oil were completely saponified with 
alcoholic caustic potash. From the completely saponified oil, the unsaponifiable 
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matter and mixed fatty acids were separalol. Tlie ether extraction of the soap 
gave 0*9^^ iinsapoiiifiablc matter and the ether extraction of the decomposed soap 
gave B2*24^ of mixed fatty acids. The iodine value (Haniis) of the mixture was 
found to bC' 122*^2. The freshly extracted mixed acids were in liquid form but on 
keeping for a long time they solidified. 

The mixed fatty acids were then separated into solid and liquid fractions by 
the TwitchelFs lead salt alcoholic process modified by Hilditch and co-workers^ 
The percentage and chemical constants of the solid and liquid acid-fractions are 
given below : — 


TABLE 1 


No. 

Fraction 

Percentage 

Iodine Value 

1. 

Solid acid fraction 

46-22 

66-5 

2. 

Liquid acid fraction 

53-78 

J39-2 


QPAMTITATIVE ESTIMATION OF LiCJtJIO ACiDS 

The estimation of the liquid acids were carried out by two methods, bromi- 
nation and methyl-ester methods : 

{A) Brominalion method 10 gms. of the acid from the liquid-acid fraction 
were estimated by dissolving the acid in cth&t (at - lO^G) and bremainated accord- 
ing to the method of Eibner mi Mu^genthaler®, modified by Jamieson and Bough- 
mann^. The results are given below : — 


TABIJE 2 


S. No. 

Acids 

Percentage in mixed acid 

L 

Oleic 

18-49 

2. 

Linolenic 

5-16 

3. 

Linoleic 

26-30 


The unsaturated acids were also estimated by methyl-ester method. The 
unsaturated fatty acids were converted into the corresponding methyl esters by 
refluxin^y the acid mixture with absolute methyl alcohol in presence of sulphuric acid 
in the usual manner. The dried methyl-ester mixture (20*22 g) was fractionated 
under reduced pressure. The amount of individual fraction collected^ at various 
temperatures and pressure (5 m.m.) is given in Table 3. 
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TABLE 3 


Fraction Temp, range Wt, of distillate in gms. 


Ij 

Upto 190°G 

7*4960 

h 

190 * I 95 OG 

7-9236 

k 

195 - 2 OO 0 G 

2-3344 

h 

200 - 205°G 

1-5104 

u 

Above 205^G 

0-7248 


Loss in distillation 

0-2308 

Sa^Kjmfication and iodine values of each fraction were determined. From 
th^e values, the amount of various acids in different fractions were calculated out 
by Jamieson and Boughmann method.® 

The calculated 
mixed acids are given 

values of the fatty acids, 
below 

in liquid acid fraction and in the 


TABLE 4 


Acids 

Percentage in 
liquid acid 
fraction 

Percentage in 
mixed acid 
fraction 

Palmitic 

0-22 

0-12 

Oleic 

34-06 

18-34 

Linoleic 

48-52 

26-24 

Linolenic 

9-54 

5-18 

Erucic 

7-66 

3-90 


EXAMINATION OF THE SOLID ACTDS 

T^e solid acids were converted into methyl esters, 20’1899g of the esters 
were distilled fractionally at reduced pressure (5 m.m.) tpid the results of the disti- 
llation are given below , ' 
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Fraction 

Temp, range ' 

, Wt. of the distillate in gms 

Si 

170-i75“G 

0-2210 

S, 

175-1^°C 

0-8856 

S 3 

180 - i85oC 

2*0196 

S 4 

185- 190OC 

3-9712 

S, 

Above 19G°C 

12-9010 


Loss during distillation 0*1915 


The different fractions obtained were analysed and percentage of various 
acids in solid acid and mixed acid fractions were calculated according to the method 
of Jamieson and Boughmann^. The results obtained are given below : — 


TABLE 6 


Acid 

Percentage in solid 
acid fraction 

Percentage in mixed 
acid fraction 

Palmitic 


9-98 

462 

Stearic 


3-41 

1-61 

Oleic 


5*28 

2*47 

Erucic 

••• 

81*33 

37*52 


The constituent fatty acids of each fraction were identified by hydrolysing 
each fraction separately and the liberated acids were crystallised repeatedly from 
alcohohacetone mixture. The pure sample of the acids thus obtained were identi- 
fied by determining their melting points with the authentic samples of the corres- 
ponding adds. The saturated fatty acids present, w ere palmitic and stearic adds* 

The total percentage of the various fatty acids of the oil, in mixed, solid and 
liquid fatty acid fractions are given below — 


TABLE 7 


Acids 

Solid acid 
fraction 

Liquid acid 
fraction 

Mixed acid 
fraction 


Palmitic 

9'98 

0-22 

4*74 


Stearic 

3*41 


1-61 


Erucic ... 

8133 

7*66 

41*42 


Oleic • 

5-28 

34-06 

20-81 


Linoleic 

.i. 

48-52 

26-24 


Linolenic ... 

... 

9-54 

5-18 
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EXAMINATION OF THE UNSAPONIFIABLE MAtrlR 

The uosaponifiable matter was obtained by extracting the soap solution with 
ether. The yield was 0*92%. It was a semi-solid yellowish mass. It was purified 
by treating with petroleum ether and finally recrystallised with alcohol. The pure 
compound responded positively to all the colour tests for sterols. A sterol was 
isolated from the mixture. It melted at 137*^0 and its acetyl derivative melted at 
I27-28®G. It was inferred to be sitosterol. 
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BBFECT OF CALCIUM-FHOSPHATES, ROCK PHOSPHATE 
AND BASIC SLAG ON LOSS OF NITROGEN FROM 
AMMONIUM SULPHATE WHEN ADDED TO 
SOIL ALONG WITH ORGANIC MATTER 


M. M. RAI 

Government Agriculture Insiiiutej Rema 
[Received on 1st June 1959] 

AJ^RAGT 

Tlse loss of mtf^n from ammoniuin sulphate wben applkd to soil is decrearol Ebarkedly by ad(ltk>fi 
of diflbrent phcsphates like mono-calciinn pbo^hate, di-caldum plM^phate, trl-calciim slag 

and rock phosphate when ad<W along with organic matter. 

It is well known that the recovery of nitrogen from artificial fertilizers usually 
remains below 50% (1,2, S). Dhar (4) has emphasized the value of phcsphates in 
the fixation of atmospheric nitrogen and in preventing the loss from artificials when 
applied along with organic matter. The present study comprises the effect of 
different phosphates when added to ammonium sulphate in different doses to soils 
along with organic matter. 


EXPERIMENTAL 

The soil used for this experiment was collected from the fields infront of 
Sheila Dhar Institute of Soil Sciences, University of Allahabad, India. The soil 
under study was light grey to brownish black in colour and alluvial in origin. 
Normal crops are grown on it. Its chemical composition was determined by the 
methods recommended by Piper (5) and A. O. A. C. (6). Top nine inches of soil 
was collected and passed through a 100 mesh sieve after air-drying. An amount 
of oven dried soil was taken to which when organic matter in the form of cow-dung 
and/or different phosphates were added, the total weight of the reacting mixture 
became 200 gms. Five different phosphates viz, mono* calciumphosphate, di-calcium 
phosphate, tri-calcium phosphate, rock phosphate and basic slag were added as 
0*5% PaOg. The cow-dung was added as 0*5% carbon. The reacting mixture was 
taken in 24 cm diameter enamel dishes. Nitrogen was added at the rate of 
43 lbs., 86 lbs. and 129 lbs. per acre as ammonium sulphate. The mixture was 
stirred on alternate days to make it homogenous and the moisture content was 
maintained at 20-25% by adding distilled water. This was kept in the laboratory 
at 27®G and samples were analysed after definite intervals for total carbon (7) 
and total nitrogen (8^ 9), 
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The results obtained are recorded below :■ 

TABLE 1 


Percentage composition of the soil used 


Silica (HCl insoluble) 

7840 1 

Loss on ignition 

2- 103 

Sesquioxide 

11-375 

Siiica/sesquioxide ratio 

13-S 

Fe.Og 

4-520 

CaO 

3-318 

MgO 

1-640 

K,0 

1*470 

Total P 2 O 5 

0-219 

Available P 2 O 5 

0*038 

{1% citric acid soluble) 

AlgOa 

6-855 

Exchangeable Calcium 

6-66 m.e. 

Total carbon 

0-1527 ■ 

Total rutrogen 

0-0347 

C/N ratio 

4*4 

Ammcmiacal nitrc^m 

0-002 

Nitrate nitrogen 

0-001 

Total available nitrogen 

0*004 

Total/available nitrogen 

8-0 

TABLE 2 

Pmcentage composition of cow^dur^ used 

Loss oa ignition 

63-460 

Ash 

36*530 

Silica 

30*660 

GaO 

2*520 

MgO 

0*934 

K,0 

0-721 

PsOs 

0*673 

Total carbon 

28*6300 

Total nitrogen 

1-0108 

C/N ratio 

28-34 
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TABLE 3 


&f Emk ph&Bpb<d§ ami Bmk simg 



Rock phosphate 

Basic slag 

Silica 

6*3d0% 

28-660% 

CaO 

20-800% 

34 ' 360 % 

MgO 

1-920% 

5-280% 

FejOs 

4-200% 

11*720% 

A 1,03 

26-900% 


KjO 


9-070% 

Total P 2 O 5 

27-800 

7-590% 

Available PgOs 

1-000 

4-460% 

(1% Citric acid soluble) 




TABLE 4 

Effect of phosphates on loss of nitrogen from ammoninm sulphate when 
added at the rate of 43 lbs of Nitn^ea per acre to the soil 



% loss of N at 
the end of 60 
days 

% loss of N at 
the end of 120 
days 

ScmI 4* carbon as cow dung 4* ammonium 
sulphate 

20‘1 

39-9 

Soil 4“ Carbon as cow dung 4* ammonium 
sulphate 4 - mono-calcium phosphate 

16-9 

36-9 

Soil 4- carbon as cow dung + ammonium 
sulphate 4- di -calcium phosphate 

15-0 

34*8 

Soil *4 carbon as cow dung 4- ammonium 
sulphate 4“ tri- calcium phosphate 

16-3 

35-7 

Soil 4- carbon as cow dung *4 ammonium 
sulphate 4* Basic slag 

16-2 

35-9 

Soil 4 carbon as cow dung 4 ammonium 
sulphate 4 Rock phosphate 

16-7 

36-4 
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TABLES 

Effect of phosphates on loss of nitrogen from ammonium sulphate when 

added at the rate of 86 lbs of nitrogen per acre to the soil . 



% loss of N after 
60 days 

% loss of N after 
120 days 

Soil + carbon as cow dung d- ammonium 

22-2 

4T2 

sulphate 

Soil + carbon as cow dung + ammonium 
sulphate + mono-calcium phosphate 

19-3 

38-3 

Soil -f carbon as cow dung + ammonium 
sulphate •h di-calcium phosphate 

17T 

36T 

Soil 4* carbon as cow dung -b ammonium 

18-0 

37-2 

sulphate -b tri-calcium phosphate 

Soil + carbon as cow dung + ammonium 

18-3 

37-5 

sulphate + Basic slag 

Soil -f carbon as cow dung + ammonium 

18'9 

380 


sulphate + Rock phosphate 


TABLE 6 

Effect of phosphates on loss of nitrogen from ammonium sulphate when 
added at the rate of 129 lbs nitrogen per acre to the soil 


% loss of N after % loss of N after 
60 days 120 days 


Soil + carbon as cow dung + ammonium 
sulphate 

24-6 

44-5 

Soil 4- carbon as cow dung -f ammonium 
sulphate -b mono-calcium phosphate 

21-3 

41-8 

Soil + carbon as cow dung 4- ammonium 
sulphate 4 di-calcium phosphate 

19-4 

39-4 

Soil + carbon as cow dung 4* ammonium 
sulphate + tri-calcium phosphate 

20-3 

40-5 

Soil 4“ carbon as cow dung 4- ammonium 
sulphate + Basic slag 

20-6 

40-9 

Soil 4- carbon as cow dung 4 ammonium 
sulphate 4 Rock phosphate 

21-0 . 

41-5 


DISCUSSION 

The a^ve observations show that a part, of the nitrogen added as sulphate 
of ammonia is lost with lapse of time. The % loss of nitrogen increases with in- 
creasing doses of nitrogen. The loss is more marked at the end of 120 days than 
at the cp^ of 60 days. 
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Tbc cieit of' llie aiditi«a of different phosphates along with organic matter 
in the fcMmi of €»w d'liag ii that they minimise the loss of nitrogen from ammommn 
sulphate whm applied to pit Their efficiency in checking the lc»s of mtre^cn 
from anoanoiiitiiii salphalc is in the following order ; — 

Di-<alciinnphcBphatc> Tri- calcium phosphate > Basic slag> Rock phemphate 
M'€«o phwphate 

It appears that the addition of various phosphates is helpful in the fixation 
of atmospheric nitrogen in the soil in presence of organic matter in the 
cow dung. Thus nitrogen loss and nitrogen gain go on side by side in tne son. 
The total nitrogen determinations that have been made measures only the balance 
of nitrogen loss and nitrogen gain. So the net result appears to be a retarding 
effect on the loss of nitrogen from ammonium^ sulphate, when organic matter is 
added along with different phosphates to the soil (19, 11). 

Phosphates may also effect in checking the loss of nitrogen in ways other than 
describai above. They may help in stabilising the proteins of the soils. The proteins 
that are present in soil humus are likely to be stabilised by the formation of 
nucleo-proteins, phospho-proteins'or other substances (12). These more stable protein 
complexes seem to resist ammonification and nitrification better than proteins alone 
and thus the loss of nitrogen decreases. 

More-over calcium ions introduced along with these phosphates may react 
with unstable substance ammonium nitrite (which is formed as a result of nitrifica- 
tion) and form calcium nitrite which is more stable than ammonium nitrite and 
thus retard the loss of nitrogen from ammonium sulphate. 

Also the decompe^ition of ammonium nitrite is accelerated by acids. When 
organic matter undergoes oxidation some of the organic acids are produced in the 
system which accelerate the decomposition of ammonium nitrite Ic^ing to the 
loss of nitrogen. But in presence of phosphates which act as buffer the increase in 
H-ion concentration of the system is not possible and so this also retards the loss 
of nitrogen by decreasing the decomposition of ammonium nitrite. 

Hence over-all effect of addition of phosphates is that they minimise the loss 
of nitrogen considerably. 
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ON SOME PROPERTIES OF K-TRANSFO&M 
involving MEIJER’S G-FUNCTION 


C. B. L* VERMA 


B4pmtrnmi of Mathematics^ Mahakoshal Mahavidyalaja, Jabalpur 
at tlie 2Bili Annual Sessbn of the Academy held at the University of Agra on 7th February I'SSS. 

1. Introduction : — A fmiction (p) defined by 

(1.1) J ■«(/>) >0 

O 

is filled tkt Lajda<^ Tran^rm of / ( ar ) which is called its original. Meijer (5) 
gave a generalization of this in the form 

(1.^ 4' ip) = • P f (px)^ ipx)f(x) dx, R ip > >0 


Since K 


W- (f )* 


(1.2) reduces to (1,1) »= ±|. 

4' ip) is called the Meijer Transform (also known as the K-Transform) of order v and 
f (x) its CHfigizHd in this transform. 

We shall represent (1.2) symbolically as 
4(p) L fix) 

V 

while (1-1) shall be denoted as usual by 

4>ip)^,fix) 

In tl^ pa^ we obtain two theorems connecting any twot functions 4i (p) 
g (x) thro^h a chain of symbolic relations in this transform and then shall 
Wilize t^ theorems to evaluate certain infinite integrals involving product of 

hyper-geometric functions and with the 

Laph« 
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2. Tbeerraat i. 


If ^(p) 

Xt 


and p 
then 


f/ 1 \A 




f m = y+3/2 J G J, o(i^|^+|4 .. 

provided the integral involved is convergent, 

: The ParsevahGoldstein theorem (1) can be generalized in reipect of 
K-Transform and can be stated thus : 

If 4>1 (.p) fi (x) 

V 

and L 

i>i(p) =fi{x) 

V 

then 

CO CO 

( 2 . 1 ) 

•i X 


Applying this theorem to (4, p. 147) 

-Z-2 


^ k. 


a ^ k . 2 


(^) 


Vtv 


^ p - i±x 

. ^ m m ip A n « r;: 

V 


'J 0, 4 1 16 4^2' 2 


) 


and * ^ i 




» 


We obtain 

CO. 




-/-2 


2 ^ ^ C a C^’^/ 

iwT i 


1 . -/±\ 


) 
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* * i 1 "9^ 3 /2 

Changiog a in ^ and at into-— and multiplying by .l_£_ p ■ the 

z V TT 

side can be shown to be ^ since 


^ ip) fix), 
X 


giving 


.p(p) = 


, .Z-3/2 / + 3/2 Q u j. , 

^ j '^0,4\ 16 i 4 2 » 4 2’ 2 

• O 1 


i2(^)>0 

Hence the theorem. 
1 : 

Taking 


, 1 


Jy^ix) 


«(*) = *' 

We obtain (4, p. 137) 


I- /Xi/tf 1 


x^i rA±ii+i±i+i; x+i; - 4-1 ; ^ w > -1 


SO that 




^ ip) 


jl. . 4:^^ -/'i±fi±i±l+rVF rA±/*+/+j, 
r(X+l)i*\ 2 ^V2^]| 2 — 

1. X+1 

giving (4, p. 152) 

TT ^ i V 2 -Z.X-3/2, M 


Where 5 (^) is the Lommel Function, 

V, 

Hence 


* J+ln4.0 /_^j J_^ M -7 + X -i-x\ , ,, 

J* ^^0,4^ 16 4^2’4 2’ ~T~ ) h 

O » 

- I- 1 ) ?♦ S ^ 

S O»0, ft (X) > ^1, i? (x+0 > ; i? (f*) 1 - 5/2, 
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left hand 


-^gix)dx 


i+1 ) 


5_. 

2 




2 . 

If w€ take 


tbcB, Sharina (7, p. 116) 


_ , rC/).v-^--' .-, 2,4 

^ r(7-a;rty-j8~; 4, 2 

Now using (2, p. 209) 


.2.4/,,,:T + |-“4+T-''-T* 

’^.2^ ii'-r- 4- 



•» 

O 

11 

«^r + <r V 

i/ 3 .^ 

' y V 

i /?s + cr ^ 


and (4, p. 153) 

Y. .J „n4-7.-m/ 

/ „ 


t»,n( j 


/?!... fiq ’ V 


yY+2\4x h,k,\-^ai , ...,l-oc,' 


p-bq < 2 (m + n) A=4-+4-. ^■= — “ 4- 

4 2 4 2 

jflrgXl < (m+n-J^-|j) TT, i? (iS^) > | j i? (v) i - /= 1 , ... « 


we obtain 


^ K^J o 'I p 

TT r (a) r(j8} r (y-<r) r (r- #) 

( Li- £_4-J i-i 

j,«i 4 2^y4 2 

T6i_l_j^X l__i+i 


^-r- ^+T' z"? -^+«+iS+4 

1 4 2 2 4 2 2 


^(p-/ ±x) '>o,R{y-a~p) >o,Rfp ± F + l) >0 

su that finally. 


f ;c^~^G‘^= 0 1 j. J_ '■L 

J 0 , 4 V 16 X ■ 2 ’ 4 '2 ’ 2 

_ r (?) 2^^ 

r(a) r(p) r (?-«) r (?.^)>' 


•i+\ -i- 

2 ’ 2 
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( 


5 P , I 




— . -y+a + jS+JL 

2 4 2 ' 2 


_ - __-i. 

4 2 ‘ 

J-+A J-^-l+L+a 1-JL+i 

4^2*4 2^2^ ’4 2^2 




) 


R (py >0, R (r >0, R (Pit /A + i) >0, i^y •» a - ^) >0 

TIrftorem 2. . 

A; 

If ^ (^) = ^ (^) 

*• cr-f-S ^ 

^ ^ (/>) = / (at) 

V 

and 


then 

fip) — s(x) 

X ■ 



ip) = 

^3— a CO 

-i P. I ^2,4 i 


2. --£_±~, 
4 2 2’ 

3 , V 

4 


■) 47 > 


provided the integral involved is convergent and 
1 R(p) >0. /?(,.) co,R(v ± A +S) >0,Ria) >\R(P-}1 + |ii(v)| 
Proof : Applying (2.1) to the functions (4, p. 145) 


0-^3/ ^2 p 

” >J 


2 2 


,<r “ 3 • V “ <r I—-/ *’’zhf‘+ V 

'*V 2 ~ 


r(<r) 


)it( 


( 


2 


and 


•cr4”3 k 

p ^ip) = fix) 

V 


therefore, since 


k 

0 >) = ^ (*) 


Ria) >\R{l^)\ + lRiv)\ 


I 2C4 ] 





-2 j,3-or 

-B- r (a) ** 


2^ -L£Z^ IT-/ +1 \ .— / 


I 


)ir(=±^) 


X J + ^ 2^* |^-£±^i±L ; a : 1 -a:*] /(/«:) dx 

O 

Now Sharcia (7, p. 1 i6) has shown 


k 


z"-!' 


P . 


1 - 


r(r) 


G 


2.4 

4,2 


( 


J. + J !1 - a, -1 +— - P, - ± ^ 
0^0 2 2"^^ 


X 2 2 

/>" iL_±, JL 


+ Y- «-j 8 - 


4-^2 

1 


A ^/ 7 ^ r (a) r {ft) r (7 - a) f (7 - ft) 


also / (a/; = ) 

. ,, , 5 <r+/^T*v 0 (r^p>+v 

taking f>=ry+— , , ^== ^ 

and changing a into p, 
we get after a little simplification 

(3-2)/ !-.*)/(?>)* 


y-=cr 


rw 




X 


00 


-1 p2 

.V ^4; 


( I ^ — — 4 - ~ — 4 - ^ \ 

_£ 4 2 ^ 2 ’ 4 \ 

'■I i-i 




so that with ( 3 . 1 ) and ( 3 . 2 ) we get the theorem under conditions stated. 
'Example Taking ( 4 , p* 153 ) 


) 


we 


; 

pi^.pit } 



- 1 

^^n+ 2 . 


^2 !-l-/ 3 x, .. 

-- ! l , A 

2 Vi~ 

-■""Jt, /i +2 \ 

4 “*! 4^2 ‘ 

1 

— G 

V TT • 

n+ 2 , ni / 
A:, A + 2 V 

2 

X 

4 

1 1 “ Pi , ... 1 ■ 

14 =^ 2 ’ 
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so that 


io* + 3 

<>(?) 


_ a pin+2, n+2 

-- i+2 


{ 


ay : 


J[ 

“ 4 

1 , 




- Y+“i’ "• 

-1 + ^1, ... - 





-<r + 3 


TT 


G 


m+2,nf2 

h+2, k+2 


( 


2 2 
a x 



which gives 




^-v+2 
2 7r % 




X 


n. n+4,ni + 2 
k+2,h + A 



O* 

2 



Therefore 




ft + 4j??i4-2/ 

Gji:+2, ft + 4y 


5 ^ <r 

4 ” y 

4^ 1+j?!. 
4-2 



R(Pj) > ^l^(X)i -I 1 

^ (I - «i) > II (v) 1 -I 6+A < 2 (m+n) 

+ ! = ; 1 arg(a*) I < (m + n-ij>-i3)7r 


My thanks are due to Dr. B, R. Bhonsle for his keen interest in this papey. 
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THE SYSTEMS OF SODIUM MOLYBDATE WITH MINERAL 

ACIDS-PART I 


By ■ 

G, S* RAO and S. N, BANERJI 

D^parlmenl of Chemistry, University of San gar, Sugar 
[Received on 8th February 1959] 

ABSTRACT 

The syateuB of sodium molybdate with hydrochloric and nitric acids have been studied by 
conductivity and pH methods. The fonnation of polymolybdate ions are shown to be taking place through 
an intermediate molybdic ac'd which is formed by the . hydrogen ions of the mineral acid. In sodium 
molyb«date-~h>’drochlMric acid s>’stem the ^gregation appears to proceed up to the formation of a tetramo- 
ly tote and its hydrc^cn salt, while in sodium molybdate — nitric acid the aggregation proceeds to the forma- 
tkm of a hexamolyt^te and its hydrt^cn salt. Tlie greatfsr degree of the aggregation in the latter system is 
attributed to the mom soluble and more reactive hydrate Mo 03 . 2 H >0 produced by nitric acid on a normal 
molybdate. On ageing the poly-molybiates fprmi in both the systems hydrolyse to lib^ate free molybdic 
acid or th^ hydre^oj salts, which are thrown out as predpitates at higher acid conc^trations. 

In earlier papers. we have reported the results of our studies oa the system 
of s^xiiura tungstate with mineral acids with special reference to (i) the effect of 
anion of the mineral acid used, on the formation of poly* tungstates, (ii) the effect of 
ageing on the systems, (in) a probable mechanism of the formation of poly-tungstates 
and (id) the effect of certain salts on the systems. Similar studies were carried out 
with systems of sodium molybdate with mineral acids and the results are reported 
in the present series. This paper describes the results of our study on the systems 
of sodium molybdate with hydrochloric and nitric acids, 

EXPERIMENTAL 

In the present work, Na.,Mo 04 . 2 H^O (A, R,), HGl (C. P,) and HNO3 (G. P.) 
are used* The study of the systems is based on conductivity and pH measurements. 
Different sets of solutions were prepared to give molybdate/acid ratios ranging from 
hO to 1:5 at^ concentrations 16, M/32 M/61, and M/128 of sodium molybdate. 
The conductivity and pH of the systems were measured when fresh and after inter- 
vals of 2, 4 , 8 and 12 weeks in order to study the effect of ageing. The results are; 
however, broadly shown (Figs. 4) under fresh and aged systems. Conductivity 
measurements were made on ‘Doran^ conductivity bridge using a well platinised 
conductivity cell. The pH measurements were made with a Beckman standard pH- 
meter using a glass electrode* 


DISCUSSION 

There has been a great deal of disagreement among different workers about 
the existence of various poly molybdate ions in solution and their composition and 
constitution. The results of the conductometric titration of Jander^ show disconti- 
nuities corresponding to the addition of 4, 7, 9 and 12 ions for every six M 0 O 4 - 
ions present in soluticn. From the conductometric results in conjunction with 
diffusion mcMUsements, he came to the conclusion that at pH 14-6*5 normal- 
6-3 .^4-5 di-, 4'5 - 2-9 para-, 2*9 tri- and meta-, and at pH 1‘25 octarnoly- 
bdates are formed. Britzmger^ supported the results of Jander from the measure- 
ments of elwtr^iaiysis of ions^ in acidified molybdate solutions. He could not, 
however, get evidence for the trimolybdate ion. Similar results were obtained by 
Ray and Sari^ by magnetic susceptibility method. Prior to the work of Jander, 
pumanski and coworkers^ showed from the measurements of electrical conductivity 
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FRACTIOM <^Ti« CONC. ld/MaiMo04 

I %, 1. CJoudiiclOTQ^tnc Miidy of the s^ steoa Sodium m<^>bdate - Hydrocbkric ackJ. 



2, pH study of the system of Sodium molybdate • Hydrochloric add. 


aiiid depressicm of freezing point that on acidifying the normal sodium molybdate, 
the aggregation of the molybdate proceeded depending on the concentration of the 
acid till a poly*molybdatc of the composition Na2[0(Mo03)4*5] formed, which 
decomposed on further increase of acidity liberating highly ionised poly-molybdic 
acid in solution. Later the electrometric studies by Britton aiid German® gave 
support to the results of Dumanski and coworkers. Bevan^ pointed out from 
conductivity and pH measurements that poly-raolybdates and tungstates of the type 
^[0 (Mo 03)4] are salts of very strong acids and do not completely decompose even 
in excess of acid solution. Ghosh and Biswas^^ calculated the equivalent conduc- 
tivities of sodium poly-molybdates from the data obtained by Britton and Gerraan^^ 
and showed that what is believed by Britton and German to be a higher molybdate 
(possibly the octamoiybdate) is really the hydrogen salt of the tetramolybdate 
NaHIOCMoOa)^] : 

The conductivity results of the systems of sodium molybdate with hydro- 
chloric and nitric acids as obtained in the present work are as follows ; 

(i) In the system NajMoO* — HCl, as the concentration of HGl increases 
there is a gradual fall in the conductivity till the ratio, molybdate to 
HGl, reaches 1:2. Then there is a sudden rise in conductivity till 
the ratio is about 1:2*5, after which the results are steady up to 
the ratio 1:3*75, After this there is an abrupt rise in the conductivity 
results showing thereby that there is no further action of HGl on the 
system (Fig. 1). 

(n) In the system Na2Mo04 -- HNOj, the fall of conductivity is similar but 
it continues till the ratio l:3j after which there is a sudden rise in 
conductivity till the ratio 1:3*5 is reached. Thereafter the results 
are steady till 1:4, beyond which the conductivity rises sharply show- 
ing that there is no further action of the acid on the system, (Fig. 3). 

Only recently the existence of and hence of Mo207^* have been 

proved^^ and in view of this fact the above observations of conductivity and pH 
results (Figs. 2 and 4) may be best explained by the following equations which show 
that the aggregation takes place gradually and in a continuous manner : 

(1) 2NaaMo04 + 2HGI -= Na^MoaO, + 2NaGl + H^O 

(2) SNajMosO^ + 2HG1 = 2Na2Mo30io4- 2NaGl f HaO 

(3) 4NaaMo30io + 2HG1 == 3Na2Mo40i,+ 2NaCi -f HaO 

(4) 5Na2Mo40i3 + 2HCI = m^,Uo^Oi^+ 2NaGl 4- H,0 

(5) bNaaMosOis + 2HGI == 2NaGl + HgO etc. 

Again the direct formation of the poly-mdLybdates in the above equations can be 
represented through an intermmediatc formation of molybdic acid before the 
polymerisation takes place. Thus the formation of a dimolybdate can be represen- 
ted by 

(6) Na2Mo04 4- 2HGI = HaMo04 4* 2NaCL 

(7) NaaMo04 4- H2M0O4 == NajMogOT + HgO, 
instead of by the equation, 

(8) SNajMoO^ + 2Ha = NatMogD;. + 2IS[aGl + H^O. 
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Tlic |K)lymerisation of molybdate through the intermediate formation of 
molybdic acid provides best explanation for the varying conductivity and pH results 
of the systems of sodium molybdate with different mineral acids. The anion of the 
mineral add has a definite influence on the weak and amphoteric molybdic acid 
bcfmre it can bring about the aggregation. Ehrlich and Moser^® have pointed out 
that tungstic acid is positively charged, and hence molybdic acid which is also a 
weak and amphoteric one. Because of the positive charge on the molybdic acid, 
the anions of the mineral acid are attracted by it and form a protective layer 
around the molybdic acid molecules and make them less reactive, thereby retarding 
the process of aggregation. The influence of the anion of a mineral add in the 
process of aggregation is thus definite. The purpose of the hydrogen ion provided 
by the mineral acid is only to liberate the molybdic acid which in turn brings 
a!K>ut the aggregation as shown in equations 6 and 7. 

In the light of the above arguments the results obtained in the present work 
are explained as follows : 

(f) System Ma^MoO^ - HCl : The gradual and slight decrease in conducti- 
vity of the system up to the ratio i:2 is due to the formation of 
successive poly-molybdates leading to the formation of the meta- or 
tetra-molybdates according to the equations 1, 2 and 3. The sharp 
rise in conductivity after the ratio 1:2 is due to the formation of the 
hydrogen salt of the tetramolybdate^ the formation of which goes on 
till the ratio 1:3*75 is reached. The steady conductivity results 
between the ratios 1:2*5 to 1:3*75 indicate the completion of the 
formation of the hydrogen salt of the tetramolybdate. The sharp 
rise in conductivity again after the ratio 1:3*75 is due to the liberated 
tetramolybdic acid along with the non-ieacting HCl. 

{it) The system Na^MoO^^HNO^i The fall in conductivity in this case till 
the ratio 1:3 is due to the formation of a hexamol ybdate which 
requires 2*9 molecules of acid per molecule of sodium molybdate. 
The sharp rise in conductivity after this ratio is due to the formation 
of the acid hexamolybdate (similar to the acid tetramolybdate in the 
system^ Na^MoOf • HCl), The steady conductivity between 1:3*5 
to 1:4 is due to the completion of the formation of the acid molybdate, 
'Hie sharp rise in conductivity again after the ratio 1:4 is due to the 
liberation of poly-molybdic acid along with non-reacting HNOs. In 
fact the NOb* ion should have a greater effect on the molybdic acid 
than the chloride ion because of its larger ionic radius, and thus 
there should have been a retardation in the process of aggreation. 
But the litrature^^ on the subject describes the formation of MoOg. 
2 H 2 O by the action of nitric acid on a normal molybdate which is 
more soluble and^ reactive than the monohydrate MoOg.H^.O or 
HjMo 04 , This acid is responsible for pushing the process of aggre- 
gation further than in the case with HCl, overcoming the effect of 
the anion NOg'. 

The Factor of concentration of J^a.MoOg on the system: The results which have 
been so far discussed are for concentration M/16of sodium molybdate of all the 
systems. The conductivity and pH of the systems were also studied at concentration 
of M/32, M/64, and M/128. All the inflections obtained at M/16 were also studied 
at concentrations M/32, and M/64 though not sharply^ But in the case of concen- 
Ixation M/ 128, only one inflection at the point of completion of the aggregaton and 
thoi a sharp rise in conductivity occurred in all the systems. These results show 
that the process of aggreation of the molybdate in all the systems weakens with the 
daxease of exmeentration of sodium molybdate, though the same molybdate/acid 
ratios were maintained with all the concentration of sodium molybdate. 
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Tke 6j[mi of agmg m the sjstms : The conductivity and pH results of tlie aged 
&} steins of Na^MoOi with mineral acids are shown along with the results of fresh 
systems* In the systems NagMo04 — HGl, there is a considerable incre.asc in con- 
duaivity and a slight fall in the pH on ageing up to the^ ratio 1:2, This change is 
due to the hydrolysis of the polymolyMate formed in the fresh system. For 
example, the hyrolysis of a dimolybdate can be represented by the following 
alternate equations : 

Na^MogOy + H,0 = 2NaHMd04 

or Na^MogOy -f H^O = Na.iMr>Oi + H2M0O4 

The hydrolysis giving the products according to the second equation is more pro- 
bable than to the first one because the existence of a normal hydrogen molybdate is 
not known. After the point of completion of aggregation ij. after the ratio 1:2, the 
system on ageing had thrown down certain insoluble products with a simultaneous 
fail in conductivity and increase in pH^ which is due to the utilization of the free 
acid in forming insoluble precipitates. The results of the effect of ageing on the 
system of sodium molybdate with HNO3 are similar to those with HGl. In these 
systems the effect of ageing is vtxy si^ificant at concentrations M/16 and M/32 
while it was only slight at the concentration M/64'and M/128. 

The composition, the constitution as well as the probable mechanism of the 
formation of the precipitates obtained on ageing from these systems and also from 
the systems with other mineral acids are discussed in a seperate paper. 

In all the cases, the pH results are in accordance |with those of the conducti- 
vity, and the same conclusions can be drawn from these also (Figs. 2 and 4). 
Hence no separate discussion is given wdth special reference to the pH measure- 
ments. 

The authors express their grateful thanks to Prof. A. K, Bhattacharya for his 
kind interest in this work. 
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THE REDUCTION OF PERMANGANATE AND MANGANESE 
DIOXIDE BY TARTRATE 


By 

YUGUL KISHORE GUPTA md RADHEY SHYAM- AWASI HI 
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ABSTRACT 

The KaductioiM of permaii^anate and coanganese dioxide by tartrate ion have been studied iodometri- 
caEy, It is atterded with an induction period, which disappears if manganous ions are initially added. The 
induction p«dod largely dqpoxfe on the concentration of tartrate and very little on pH, 1 he reaction towards 
tteaxlckpcnd^mo^y p^. Results with manganese dtonde show that the yellow complex obtained 
towids tii end <£rMiM:don pcrtnanganate, is identical with the one obtained by dissolution of MnO^. 
The slow decompoation of this ccxnplex is first order in oxidant, has a positive entropy change arid 
antfcataiyscd by manganmis ioas. 

Reduction of permanganate by tartaric acid has been studied by Hatcher and 
Dhar and coworkers^»^ Garcia and coworkers®*®, and Bhale and coworkers^. 
Dhar and coworkers reported that the reaction is attended with an induction 
period and the rate slightly decreases with the increase in concentration of the 
acid. Gabcllow and Garcia® have found that the rate of reaction increases with the 
increase in concentration of acid and that Mn(II) acts as a catalyst in the beginning 
and as an anticatalyst towards the end. They also reported that hydrogen ions 
increase the induction period and hasten the breakdown of the yellow complex of 
Mn(III) and tartratCj reported by Perez and Garcia^, Lowering of the rate towards 
the endj in presence of manganous sulphate, has not been found by Bhale and 
coworkers®. 

It is well known that the reduction of permanganate takes place in several 
Mn(VII) through Mn(VI), Mn(y), Mn(IV) and Mn(III) to Mn(II}. 
Mn(vl) and Mn(V) states are stable only in high alkaline media. The two intei me- 
diate states stable in acid medium, are Mn(lV) or MoOg and Mn(III). MnClII) as 
tripositive ion is stable only in high acid medium^®, but is quite stable ordinarily in 
the form of negative, complex ion’. We have studied the kinetics of the decomposi- 
yellow tartrate complex of Mn(III), which is obtained by the dissolution 
ol MnOg in tartaric acid. Manganese dioxide completely dissolves in about 10—15 
mmut^ depending on pH of the system. Reduction of permanganate has also been 
studied to compare the results with -those of other investigators. Mixtures of 
tartaric acid and potassium tartrate have been employed to note the effect of 
small variations in pH. 


EXPERIMENTAL 


Merck, G. R. 

water was prepared in boiled and cooled distilled 
were als^ prep^edl^tbe potassium tartrate 
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The reactioa was studied ia a thermostat at 24^G, 5 ml. portions of the 
reaf^<» mixture were taken out from the reaction vessel at suitable intervals of time 
andadcMto acidified 7% KI solution. The liberated iodine was estimated by 

O^'OOolN sodium iMmulphate. 

A suspension of manganese dioxide was prepared by mixing potassium perma- 
i^anate and manganous sulphate in equivalent amounts together with a little of 
potassium sulphate and kept for about 24 hours. A black suspension was obtained 
which was washed free of sulphate ions, made up to a certain volume by means 
of water and standardised iodometricaily against 0’0049N sodium thiosulphate. 
Care was taken to shake the vessel thoroughly before removing the suspension 
from the stock solution or from the reaction mixture. The reaction vessel was 
shaken by means of an electric shaker in order to check the particles of manganese 
dioxide from settling to the bottom, especially in the beginning of each run. 


RIKULTS AND DISCUSSION 


The results with different concentrations of the acid and various mixtures are 
sho\4m m fi^. 1^, 2 and 3 where d (oxidant)/* curves are found to be ‘S’ shaped 
insisting of three portions as in case of oxalate^^ and malonate^a^ From these 
figures followmg conclusions may be drawn. 

The r^uction of permanganate has an induction period. The first autocatalv- 
tiyarocess depends largely on the concentration of tartrate and very little on the 
hydrogen ion concentration. Fig. 2 gives the results where pH is varied and the 
concentration of tartrate is ^ed. It may be seen that ther<- is little effect, though 

with 0-02 M acid and 0*02 M salt (p^H 
3 70), the rate is slower than the mixture (0 05M ; 0-03M) having 0*08 M ovemll 

ia™ ft.„ Bg. 3 0-003 N KmS. h“ bLa » " Sy “bSS: 

combined ^ect of pH and Urtrate idn concentration. The induction period is 
longest with the lowest concentration of the acid. ‘^auction period is 

7^"" third part of d (oxidant)/* carves, which has been said to represent the 
slow decomposition of tartrate complex’’ largelv deopnd« nn u j tae 

centiation and a little on the tartrate. FroS^ 3 

the nature of the curves in the beginnincF of th^r’eaction thev be 

pH .ov-ard, ,ha .pd. In Bg. 2 p,™.<B°d.c Ta^, iTStJX LTarif a'cS S 
removed from other curves, and the curve for mixture 0*02 • oS . 

of «.2^llSpb7,fSuaiTSJdS'Ka‘^ Trf 

incrca^ in concentration of Mn^I). Howe^r the ra/7' with the 

the eMof reac^on as has been reported bv Pfikeil^ ^ down towards 

was foond to be ,h^®* ^ ^ reaction 

irtmjhe relatic^. * and the constants were calculated 
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=2*303// Xiog ai{d - 

where a and are the concentrations of the oxidant initially and after time /, The 
results confirm the observations noted in the reduction of permanganate. Fig. 5 
shows the results with the acid and the mixtures. In general, the reduction of 
yellow complex is much influenced by the hydrogen ion concentration. Ihc cons- 
stants are shown in table 1. 


TABLE 1 


Tartaric acid 

M 

Pot. tartrate 

M 

pH 

kx 10^ min.”^ 

0-08 

0 

2'35 

4-85 

(a) 

0*06 

0-02 

3T5 

3-50 

W 

0-06 

0 

2-40 

3-65 

W 

0-04 

0*02 

3*50 

2‘85 

id) 

0-04 

0 

2-65 

3-00 

(«) 

0-03 

0-01 

3-30 

2'45 

(f) 


It is difficult to say how far the rate of decomposition of the complex depends 
on the concentration of tartrate. There is no doubt that it does depend to 
some extent as is seen by comparing the cases {b) and {/) or {d) and (/) in the above 
table. The order calculat€^ by van’t Hoff’s differential method, ignoring the effect 
of pH, is found to be 0"5 with respect to tartrate ion. 

Fig. 6 gives the catalytic effect of hydrogen ions and the anticatalytic action of 
Mn(II) as we have already seen in the reduction of permanganate. 

The reaction with MnOa studied also at higher temperatures, using 0*06 M 
concentration of tartaric acid and 0*01 N of MnOj. The average constants were 
found to be 7‘02 X 10 minr^and 11-56 X lO*^ min. at 29^ and 34r®C respective- 
ly. The enci^ of activation and frequency factor for this' range of temperatures 
were calculated to be 20790 cals and 1*41 X sec.-^ respectively. The entropy 
of activation was + 0-68 E. U. It may be mentioned that Garcia® determined the 
energy and entropy of activation of the second slow process in the reduction of 
peim^ganate by tartaric acid. The entropy was always positive and the energy 
of activation was 28200 cals. Thus, our results with MnO* indirectly confirm that 
the yellow complex of tartrate obtained in the reduction of KMn 04 , is identical 
with the yellow complex obtained by the dissolution of MnO.^ in tartaric acid, 

permanganate to lower valent manganese, possibly 
sufficiently slow. Mn(VI) immediately disproportionates^^ into Mn(VII) 
and MnO^, especially in acid medium. In acid solution manganese dioxide reacts 
W 1 & tartanc acid producing Mn(IlI) which is ultimately reduced to Mn(II). The 
iiwuaicii period u due to these series of steps in the beginning to reach a certain 
^vll)> which may then directly react with permanganate producing 
Gbosh^^ scheme suggested by Polissar^^, and by Gupta and 


■ . ' MnOj- + 

We have already reported that if manganous ions arc initially add^, no induction 

p€ii<Ki k observed- The other slow process, the ^reduction of trivalent rnanga^se 
complex^ is fifSl order in ^ln(III) and has a positive ^entropy of activation. 
reaction depends also on the ccjicentiation of tartaric acid. It appears tnat^ toe 
slow process is between oppositely charged ions, inost probably between tripositive 
manganese ion and negative tartrate ion. It is not possible to give the exact 
mechanism of this process because sufficient and requisite information about the 
effect of tartrate ion, could not be obtained. 
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INFLUENCE OF CALCIUM-PHOSPHATES, ROCK PHOSPHATE 
AND BASIC SLAG ON LOSS OF NITROGEN FROM SODIUM 
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ABSTRACT 

The of nitrogen from sodium nitrate when applied to soil can be markedly decreased if sodium 
nitrate is a^ed to soils along with organic matter and difierent phosphates like monocaldtim phosphate, di 
cal iim phoqjhate, iricalcium phosphate, basic slag and rock phosphate. 

A long experience has shown that the artificial fertilizers are never as useful to 
the crops as they ought to be because when they are applied to the soils only a part 
of the nitrogen contained therein is utilized by the plants, while a good amount of 
nitrogen is lost (1, 2, 3). The exact manner in which the nitrogen is lost is not 
definitely known but leaching^ denitrification and the formation and decomposition of 
the unstable substance ammonium nitrite have been suggested (4). In order to use 
the artificial fertilizers economically, there must be certain ways of retarding this 
type of nitrogen loss. The present study observes the influence of mono-calcium 
phosphate, di-caicium phosphate, tri-calcium phosphate, rock phosphate and basic 
slag when added to sodium nitrate in different doses to soil along with organic 
matter. 


EXPERIMENTAL 

The soil used for this experiment was collected from the fields infront of 
Sheila Dhar Institute of Soil Science, University of Allahabad, India. The soil 
under study was light grey to brownish black in colour and alluvial in origin and 
grows normal crops. Its chemical composition was determined by -the methods 
recommended by Piper (5) and A- O. A, G. (6) J Top nine inches of the soil was 
collected and passed through a 100 mesh sieve^ after air drying. An amount of 
oven dried soil was taken to which when organic matter in the form of cow dung 
and/or phosphates were added, the total weight of the reacting mixture became 200 
gms. The cow dung was added as 0*5 carbon. Five different phosphates viz. 
mono-calcium phosphate, di-calcium phosphate, tri-calcium phosphate, basic slag 
and rock phosphate were added as 0'5% P2O5. The reacting mixture was taken in 24 
cm. enamel dish^. Nitrogen was added at the rate of 43 lbs, 86 lbs and 129 lbs per 
acre as sodium nitrate. The mixture was stirred on alternate days to make it 
homogenous and the moisture content was maintained at 20-25^ by adding distilled 
water. This was kept in the labo atory at 27 ^0 and samples were analyzed for total 
carbon (7) and nitrogen (8, 9). 

Tlie results obtained are recorded below. 
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X\UL I 


Csm^msbim &f tki ml used : — ^ 

Silica (HGi insoluble; 

Loss on ignition 

Sesquiosidc 

FejOg 

CaO 

MgO 

KsO 

Total 

Available P 2 O 5 

(1% citric acid soluble) 

Al^Os 

Exchangeable Calcium 
Total carbon 
Total Nitrogen 
G/N ratio 

Ammoniacal nitrogen 
N itrate nitrogen 
Total available nitrogen 
Total/ Available nitrogen 

TABLE 2 

Percentage composUion of cow -dung used : — 

Loss on ignition 

Ash 

Silica 

Calcium- oxide 

Magnesium-oxide 

Potassium-oxide 

p,o, 

Total carbon 
Total nitrogen 
C/N ratio 


... 78-401 
... 2-103 

... 11-375 
... 4*520 
... 3*318 
... 1-640 

... 1-470 

... 0-219 
0-038 

... 6-855 
... 6*66 m.e.% 

... 0*1527 
... 0-0347 
... 4*4 
... 0-0026 
... 0-0017 
... 0-0043 
... 8*0 


. 63*460 
. 36-530 

.. 30660 
.. 2-520 

.. 0-934 

.. 0-721 

.. 0 673 

.. 28-6300 

.. r0108 
28-34 
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TABLE 3 

Pemnluge Analym of Rock- phosphate and Basic slag 


Rock phosphate Basic Slag 


Silica 

Calcium-oxide 

Magnesium-oxide 
¥'€20^ " 

K20 

iotalPgOg 

Available P2O5 

(1% Citric acid soluble) 

6-300 

20-«00 

1-920 

4-200 

26- 900 

27- 800 

rooo 

23-660 

34-360 V . 

5-280 

11-720 ' ■ 

9-070 ^ ■ 

7-590 ■ 

4-460 

Table 4 

Edect of phosphate on loss of nitrogen from sodium nitrate when added at. the rate 
of 43 lbs of nitrogen per acre to the soil ■ ■ ‘ 


% loss of Nitrogen 

% loss .of N2 at the 


at the end of 60 

end of 120 


days 

days ‘ ' 

Soil 4- cow dung -f Sodium nitrate 

16-8 

34-3 ‘ 

Soil 4- cow dung -f sodium nitrate 4- 

14‘0 

25-6 ^ 

mono calcium phosphate. 


- ‘ . . 1 

Soil 4- cow dung -f sodium nitrate + 

12-0 

: 23-8 

di calcium phosphate. 


. _ 

Soil 4* cow dung -4- sodium nitrate 4- 

12-9 

24-7' ■■ 

tri calcium phosphate. 



Soil 4- cow^ dung 4- sodium nitrate + 

13-2 

25*0 

basic slag. 



Soil + cow dung -i- sodium nitrate 4- 

13-7 

■ 25-4 ■ 

rock phosphate. 




TABLE 5 

Effect of phosphate on loss of nitrogp from sodium nitrate when added a ftfic rate 
of 86 ibs of nitrogen per acre to the soil 


Soil + cow dung -f sodium nitrate 

Soil + cow dung + sodium nitrate + 
mono calcium phosphate. 

Soil + cow dung -h sodium nitrate + 
di calcium phosphate. 

Soil -f cow dung + sodium nitrate + 
^ tri calcium phosphate. 

Soil "h cow dung -f- sodium nitrate + 
basic slag. 


% loss of nitrogen % loss of nitrogen at 
at the end of 60 the end of 120 


days • 

days 

19*0 

37-1 

16‘4 

. ■ 28-3 / 

14'2 

■ 26-0 

15-3 

27 2 ■ ■ 

15-5 

27-6 
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TAELE 6 


Effcctpf |>liO;$pliatc 00 loss of nitrogen from sodiu!ii nitrate wlicn added at the rate 

/ '* ■ ; " ' ■ of 129 of nitrogen per acre to the soil 


' 't 

% loss of nitrogen 
at the end of 60 
days 

% loss of nitrogen ^ 
at the end. of 120 
days 

Soil + cow dung + sodium nitrate 

21-6 

39-3 

Soil + COW' dung -+ sodium nitrate + 
mono calcium phosphate. 

18-6 

33-1 

Soil + cow dung + sodium nitrate + 
di calcium phosphate. 

16-4 

30-8 

Soil -f cow Sung + sodium nitrate + 
tri calcium phosphate. 

17-5 

32-0 - 

Soil -h cow dung + sodium nitrate + 
basic slag. 

17-8 

32-3 

Soil 4 cow dung + sodium nitrate -f 
rock phosphate. 

182 

32-8 


DISCUSSION 

The above results show that a part of the nitrogen added as sodium nitrate is 
lost with lapse 5f time. The loss is more marked at the end oi 120 days than at the 
end of 60 days. The loss of nitrogen increases with increasing doses of sodium nitrate. 

When different phosphates are added along with organic matter in the form of 
cow dung, the loss of nitrogen is retarded. The efficiency of different phospliates in 
checking the loss of nitrogen from sodium nitrate is of the following order : — 

GaHP 04 >Ca 3 (POj.i > basic slag> rock phosphate >Ca(H 2 P 04 )g 

It appear:} that the addition of different phosphates along with organic matter 
fixes atmospheric nitrogen in the soil due to the oxidation of the organic matter. 
Since the total nitrogen determinations measures the balance of nitrogen loss and 
nitrogen gain, the net result appears to be the retardation of the loss of nitrogen 
from sodium nitrate (10, 11). 

Phosphates also reduce the loss of nitrogen from sodium nitrate by forming 
stable phosho-proteins, nucleo-proteins and other complexes of this nature by 
the combination of proteins of the soil and the added pho^hates (12). These more 
stable complexes seem to resist nitrification and ammonification better than protein 
alone and thus the loss of nitrogen is decreasei in presence of phosphate than in its 
abst ucr. 
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^ Moreover the calcium ions introduced alon*:^ with these phosphate may react 
with the unstable substance ammonium nitrite and form more stable calcium nitrite. 
Ammoniuin^ nitrite may normally be formed from nitrate ion of sodium ' nitrate by 
de-nitrification and reaction with am»oonium ions which are obtained as a result of 
oxidation of proteins and other nitrogenous substances, present in the soil. Thus 
the possibility of formation of ammonium nitrite is less in presence of calcium ions 

Further, the decomposition of ammonium nitrite is increased by the presence 
of acids, which may be formed due to the oxidation of organic matter, but in 
pr^cncc of phosphates which act as buiffer, an increase in the acidity is checked and 
hence the decomposition of ammenium nitrite is also retarded considerably. 

Hence overall effect of addition of phosphates is the retardation of nitroo-en 
loss from sodium nitrate when added to the soil, along with organic matter. ^ 
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ABSTRACT 

The systems of sodium molylxiatc with sulphuric and phosphoric ackis have beai studied by coi^ucth 
vity s.nd pH methods. The results obtained with sodium molybdate-sulphuric acid syslom are mostly s^lar 
iQ those with hydrochloric and nitric acids, Howe\^ in this system the sulphate ion retards the forinatioa of 
the |K>lymoIybdat<a in the initial s ages which is overcome by thein:rease in H+ ion concentradon. The 
poly-molybdate? formed in this system undergo hydrolyas on a ageing. Phosphoric acid is found to be, as such, 
ineffective in liHinging about the aggr^alion of molybdate ions to form poly-molybdate ion^. 

In Part I of this papei^ the results of our study of the systems of sodium 
molybdate with hydrochloric and nitric acids have been discussed. This part des- 
cribes the study of the system of sodium molybdate with sulphuric and phosphoric 
acids* For ttiis study, Na^ M0O4, 2HjO (A.R.), H^S04 (C* P-) 3Jid H3PO4 (C. P.) 
are used. The study of these systems also is based on conductivity and pH 
measurements. Different set^ of solutions were prepared to give molybdate/acid 
ratios ranging from 1:0 to 1:5 at concentrations M/16, M/32, M/64, M/132 of sodium 
molybdate. The conductivity and pH of the systems were measured when fresh 
and after intervals of 2, 4, 8 and 12 weeks in order to study the effect of ageing. 
The results, however, have been shown broadly under fresh and aged systems 
(Figs. 1 to 4). 


DISCUSSION 

The results of the system sodium molybdate-sulphuric acid are different from 
those with HGl and HNO3, Here, the conductivity falls abruptly up to the 
ratio 1:0*5 and there is turbidity in the solution. The conductivity then gradually 
increases till the ratio 1:2, after which again there is a fall in conductivity till the 
ratio 1:4 is reached. Thereafter the conductivity rises sharply indicating that there 
is no further action of the acid on the system. In the system sodium molybdate- 
phosphoric acid, there is a slight fall in conductivity up to the ratio 1:2*5, after which 
there is a gradual ' and slight increase in conductivity. These observations are ex- 
plained as follows in the light of the arguments given in Part I of this paper in con- 
nection with the formation of the poly-molybdate ions : 

(i) The system sodium molybdat sulphuric add: The slight turibidity and 

the fall of conductivity in this system before the ratio 1:0*5 is- 
reached is due to the liberation of free and insoluble molybdic acid. 
The slight increase in the conductivity after this ratio till 1:2 is due 
to the liberation of free and insoluble molybdic acid. The slight 
increase in the conductivity after this ratio till 1:2 is due to the libera- 
tion of molybdic acid in solution without being reacted with NaaMo04 
to bring about the aggregation. Here the 804^" ion has effect on the 


{ 225 ) 




Fig. 1. Canductomelric study of the sysiem Sodium molybdate - Sulphuric acid^ 



FRACTION OF TH£ CONC . HiS0A/N»jMdO4. 


Fig, 2. pH study of the system Sediiibh molybdate - Sulphuric acid. 
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positively charged molybdic acid. It forms a protective layer by virtue 
of its large ionic radius and high negative charge. However, with the 
increase of ions (m* after the ratio 1 :2) the anionic ejBfect is over- 
come and aggregation takes place till the ratio 1:4 is reached, which 
is indicated by the fall of condcutivity in that region. After the ratio 
i:4, there is the usual rise in conductivity showing that there is no 
further action of the acid on the system. The aggregation in this system 
also appears to be up to the formation of a tetramolybdate because 
the process of aggregation shown by the fall of conductivity is in 
between two units of the acid (ij, between 1:2 to 1:4), However there 
is no further inflection in this system which shows that the acid tetra- 
molybdate is not formed. After the rotio 1:4, the sharp rise in con- 
ductivity is due to the presence of free non-reacting sulphuric acid. 

(i7) Tke System sodium molybdate - phosphoric add : Phosphoric acid is a 
week mineral acid and the results evidently show that it is not strong 
enough to bring about the formation of poly-molybdates. The slight 
fall in conductivity upto 1:2*4 is due to the formation of lower poly- 
molybdates as in the case with acetic acid^. There is no sharp rise in 
conductivity to show the completion of the formation of poly-molyb- 
dates as in the case of other mineral acids. The pH results also show 
that the pH required for the formation of higher poly-molybdates is not 
reached in this system. 

The factor of concentration of sodium molybdates : — The factor of concentration of 
sodium molybdate in these system was found to be the same as for the systems 
studied in Part I of this paper. That is, the results are quite pronounced at 
concentrations M/16 and M/32 and no sharp inflections are obtained at M/64 and 
M/128 of sodium molybdate. 

The effect of ageing on the systems : — The effect of ageing on the system of sodium 
molybdate with sulphuric acid is similar to those with HGl and HNO3. That 
is, on ageing, the poly-molybdates formed in the systems with sulphuric acid 
also had undergone hydrolysis with the liberation of molybdic acid or acid 
molybdates resulting in the fall in conductivity and rise of pH. At higher 
acid concentrations, on ageing, the precipitates are formed in this system also and 
the nature of these precipitated proiucts is discussed in a future communication. 
However, there is practically no change, on ageing, in the system with phosphoric 
acid excepting a slight increase in conductivity at the initial acid concentrations. 

In all the cases the pH results (Figs. 2 and 4) are in accordance with those of 
the conductivity, and the same conclusions can be drawn from these also. 

The authors express their grateful thanks to Prof. A. K. Bhattacharya for his 
kind interest in this work. 
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